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INTRODUCTION. 


The  rapid  success  of  the  first  edition  of  this  book,  now  out  of  print,  showed  convincingly 
that  it  had  achieved  even  more  than  the  object  with  which  it  was  compiled.  It  has  appealed 
strongly  and,  as  intended,  chiefly  to  teachers ;  but  it  has  also  been  welcomed  by  many 
engaged  in  the  gas  industry  as  a  text  book  at  once  accurate  and  lucid.  The  two  series  of 
Teachers'  Notes  for  Lessons  on  "  The  Manufacture,  Distribution  and  the  Use  of  Gas  "  and 
"The  Practical  Applications  of  Gas"  together  with  the  two  shorter  series — "General 
Knowledge"  and  "Domestic  Economy" — originally  appeared  in  EDUCATION  and  other 
educational  papers  from  1914  to  1921.  It  has  been  gratifying  to  find  that  when  reprinted  in 
book  form  they  were  as  widely  and  fully  appreciated  as  they  were  when  first  published. 

In  preparing  a  second  edition  an  endeavour  has  been  made  to  correct  any  statements 
that  are  no  longer  up-to-date,  to  express  more  clearly  a  few  points  the  original  wording  of 
which  might  perhaps  have  been  misleading,  and  more  especially  to  increase  the  scientific 
value  of  the  lessons  by  the  addition  of  some  new  matter. 

A  new  appendix  has  accordingly  been  added  in  which  the  subject  of  gas  pressure  is 
more  fully  and  scientifically  dealt  with,  and  this  now  takes  the  place  of  the  original  Lesson 
31  on  Gas  Pressure.  A  new  Lesson  31  on  Governors  has  been  introduced  in  its  stead. 

In  addition,  at  the  foot  of  many  of  the  lessons  notes  are  now  printed  suitable  for 
more  advanced  scientific  lectures  to  adult  classes  and  others  who  may  have  been  interested 
by  points  raised  in  the  corresponding  lesson.  No  attempt  has  been  made  to  require  in  these 
footnotes  a  uniform  standard  of  previous  knowledge,  but  all  points  raised  will  explain 
difficulties  likely  to  occur  to  members  of  an  older  class ;  and  at  the  same  time  show  how 
each  lesson  is  a  possible  starting  point  from  which  to  reach  a  piece  of  pure  science  arising 
naturally  out  of  concrete  facts. 

It  must  be  understood  that  the  book  has  been  prepared  by  experts  for  the  service  of  the 
Teaching  profession,  and  that  no  attempt  has  been  made  to  specify  either  the  age  of  the 
children  or  the  duration  of  each  lesson.  The  matter  is  so  arranged  that  experienced  teachers 
can,  at  their  own  discretion,  adapt  and  utilise  what  is  most  suited  to  the  needs  of  their 
respective  classes. 

The  compilers  desire  to  thank  those  interested  readers  to  whom  they  are  indebted 
for  a  number  of  helpful  suggestions  now  embodied  in  the  new  edition. 


The  Contents  of  this  book  have  been  specially  compiled  by  the  British  Commercial  Gas  Association,  an 
advisory  and  research  body  representing  the  gas  undertakings  of  the  United  Kingdom.  The  Association  has 
also  published  a  number  of  illustrated  booklets  which  might  be  of  use  to  teachers  working  through  these  lessons, 
many  of  the  illustrations  contained  therein  being  suitable  for  reproduction  on  the  blackboard.  Among  these 
booklets  the  following  may  be  mentioned  :— On  the  Use  of  the  Gas  Cooker  ;  Washing  and  Ironing  Days ;  Practise 
Thrift  by  Using  Gas  Properly;  A  Bowl  of  Water. 

One  copy  of  any  of  the  above  will  be  sent,  as  far  as  the  stocks  permit,  to  any  teacher  who  may  be  using 
the  Notes  of  Lessons  if  application  be  made  to  the  Secretary  of  the  Association,  30,  Grosvenor  Gardens,  S.W.  1. 

Other  useful  matter  will  be  found  in  "A  Thousand  and  One  Uses  for  Gas,"  an  illustrated  publication 
for  business  men  and  women — published  monthly  (price  6d.,  post  free). 

The  Secretary  of  the  Association  will  be  glad,  so  far  as  is  in  his  power,  to  answer  any  specific  questions 
addressed  to  him  by  a  Domestic  Subjects  or  Science  Teacher. 

October,  1922. 


PART    I. 

THE 

MANUFACTURE,    DISTRIBUTION 
AND   USE   OF   GAS. 

(In   38  Lessons.) 


PART  I.— LESSON  1. 


A    DEFINITION    OF    GAS. 


What  "gas"  is. 

(Show  coal,  any  forms  of  carbon,  oil,  wood, 
picture  of  coal  mine,  illustrate  various 
flames,  gas,  candle,  etc.) 

What  is  gas?  It  is  the  "  inflammable  "  spirit  of 
coal,  or  of  other  material  containing  large  proportions 
of  carbon  and  hydrogen,  such  as  oil  or  wood. 

(Tell  story  of  bravery.) 

The  flickering  flame  in  a  coal  fire  is  due  to  the  burning 
of  the  gas  which  is  given  off  by  the  coal.  Sometimes 
this  gas  is  given  off  by  the  coal  in  the  mines,  through 
the  coal  becoming  hot  from  natural  causes,  or  through 
chemical  action  being  set  up  in  the  coal.  This  gives 
rise  to  danger  in  the  mines  and  sometimes  results  in 
serious  accidents.  Many  heroic  deeds  of  rescue  from 
burning  mines  are  on  record,  bearing  testimony  to  the 
bravery  and  good  comradeship  of  the  miners.  «  •••> 

Note  that  the  composition  of  the  gas  obtained  from 
coal  varies  very  widely  according  to  the  conditions  of 
the  reaction.  Thus  coal  may  spontaneously  give  off 
methane  (v.a.),  but  this  is  less  than  a  quarter  of 
ordinary  commercial  gas,  while  the  gases  which  burn 
in  an  ordinary  coal  fire  may  contain  quite  different  pro- 
portions of  the  characteristic  substances,  and  even,  to  a 
less  extent,  different  constituents.  (See  next  page). 


Derivation  of  the  word. 

The  word  "  gas  "  was  invented  by  the  Dutch 
chemist,  J.  B.  van  Helmont  (1577-1644),  and  it  used  to 
be  thought  that  he  derived  it  from  the  Dutch  "  geest  " 
or  German  "  gheist  "  (i.e.,  ghost),  but  this  very  natural 
mistake,  which  is  at  least  a  century  and  a  half  old, 
would  never  have  been  made  had  not  Van  Helmont's 
own  explanation  been  forgotten.  The  word  was, 
according  to  his  own  statement,  suggested  by  the 
Greek  word  chaos,  which  means  nothing  more  nor  less 
than  "air."  The  Dutch  pronunciation  of  g  as  a 
spirant  accounts  for  its  being  employed  to  represent 
the  Greek  ch. 


The  essential  relation  of  coal  to  its  products. 

Gas  is  not  "  shut-up  "  in  coal;  it  is  produced  by  a 
complicated  series  of  changes  in  the  substances  of 
which  coal  is  composed,  and  by  a  further  series  of  re- 
actions between  these  various  products  before  they 
escape  from  the  retort.  All  these  are  due  to  the  action 
of  heat.  There  is  no  hydrogen  present  in  the  coal 
either  as  solid,  liquid  or  gas.  It  forms  part  of  certain 


other  very  complex  substances  (for  which  we  cannot 
definitely  give  a  chemical  formula)  in  the  same  way 
that  hydrogen  forms  part  of  water,  but  not  in  the  same 
way  that  steam  is  related  to  water.  No  one  yet  knows 
what  exactly  happens  to  the  molecules  of  steam  when 
it  condenses,  except  that  they  become  much  closer  to- 
gether and  much  more  firmly  attached  to  one  another, 
but  the  atoms  of  hydrogen  and  oxygen  (of  which 
water  is  ultimately  composed)  remain  at  all  times  still 
more  rigidly  attached  to  each  other  within  each  mole- 
cule, whether  of  water  or  of  steam.  Similarly  we 
should  not  say  definitely  without  explaining  the  above 
that  there  is  any  carbon  present  in  coal,  although  coke 
is  mainly  in  some  way  composed  of  it ;  nor  of  course 
that  there  is  any  methane.  The  atoms  of  carbon  and 
hydrogen  of  which  the  methane  is  composed  are  in- 
deed present  in  the  coal,  but  they  are  quite  differently 
linked  together  and  to  other  atoms,  and  therefore  have 
quite  different  properties  :  for  nearly  all  the  elementary 
properties  of  substances  depend  on  the  way  atoms  are 
linked  together. 

Different  kinds  of  "gas." 

As  already  noted,  gas  can  be  obtained  from  other 
substances  than  coal,  and  in  fact  a  proportion  of  the 
gas  supplied  in  some  towns  is  made  from  oil.  The 
gas  thus  made  is  technically  known  as  "  carburetted 
water  gas,"  as  the  process  partly  consists  in  extracting 
the  hydrogen  from  steam  to  combine  with  the  carbon 
of  incandescent  coke,  and  partly  in  mixing  with  the 
gas  thus  formed  the  vapour  from  heavy  mineral  oil — 
a  process  known  as  "  carburetting. " 

In  some  districts  (chiefly  in  the  "  Black  Country  ") 
the  gas  used  is  the  by-product  of  the  furnaces  in  which 
iron  is  melted  (known  as  "  blast  furnaces  ")  or  of  ovens 
in  which  special  kinds  of  coke  required  in  metal  work- 
ing are  manufactured ;  but  the  great  bulk  of  the  gas 
used  in  villages,  towns  and  cities,  namely,  the  gas 
made  at  gas  works  and  distributed  in  pipes  or 
"  mains,"  is  a  primary,  not  a  secondary  (or  by-)  pro- 
duct ;  and  that  is  what  is  meant  by  ' '  gas  ' '  in  these 
notes. 

There  are,  of  course,  many  other  gases  known  to 
chemistry  students  and  in  industry — carbonic  acid  gas, 
hydrogen  gas,  the  dentists'  "  laughing  gas  "  (or 
nitrous  oxide),  and  so  forth ;  but  the  term  gas  is  gener- 
ally employed  to  mean  that  which  is  sent  through  pipes 
from  a  gas  works  to  our  homes  or  business  places ; 
and  when  people  speak  of  "  gas  "  without  any  other 
qualifying  word  that  is  what  they  have  in  mind,  and 
what  we  shall  use  it  as  meaning. 


Properties  of  matter. — Solids,  Liquids,  Gases. — Molecular  Theory  of  Physics. — 
Structure  of  crystals  and  amorphous  solids.  Crystal  structure  of  metals.  Analogies  : 
crystalline  liquids,  diffusion  of  liquids  and  solids. — Ductility  and  Elasticity. 
Fatigue  in  Materials. — Kinetic  theory  of  gases,  explanation  of  diffusion. — 
Temperature(  and  volume  laws  for  gases. — Law  of  partial  pressures. — Perfect  Gases 
and  Liquids.  The  Gas  Constant.  Gases  and  Vapours.  Critical  points.  Van  der 
Waal's  Equation. — Avogadro's  Law. — Colloids  and  Suspensions. 


PART  I.— LESSON  2. 


THE   PROPERTIES  OF   GAS. 


ally  seeks  to  descend.  These  two  opposite  qualities  of 
gas  and  water  are  utilised  in  the  water  gauge  for  the 
measurement  of  gas  pressure,  which  will  be  explained 
more  fully  later  on. 

Gas  works  are  also  always  built  either  on  a  river 
(or  canal)  or  close  to  a  railway,  to  make  the  transport 
of  coal  from  the  colliery  to  the  gas  works  (and  of 
coke,  tar,  etc.,  from  the  works  to  the  customer)  as 
easy  and  cheap  as  possible. 

Compressibility  of  gas. 

Gas  is  compressible.  Its 
practical  purposes)  directly 
and  inversely  as  the  pressure. 

compressed  in  order  to  make  it  possible  to  send  a 
larger  quantity  through  a,  pipe;  of  given  dimensions  in  a 
given  time,  or  to  burn  it  with  greater  local  intensity  (or 
fierceness  of  flame)  for  producing  either  light  or  heat. 

Analysis. 

The  following  is  a  typical  1922  analysis  (see  note)  of 
*aSi*gas,  using  round  figures  instead  of  showing  them 
to  two  places  of  decimals,  as  would  be  done  in  labora- 
tory calculations  : — 

Hydrogen   ...         , 

Methane 


44% 

24% 


14% 
3% 
1% 
3% 


Description  of  coal-gas. 

Gas  is  invisible,  but  has  a  very  pungent  and  easily 
detected  smell.  It  is  dangerous  to  breathe  gas  in  large 
quantities,  as  it  would  cause  suffocation  and  ultimately 
death  by  asphyxiation. 

When  gas  and  air  form  an  explosive  mixture. 

With  the  addition  of  from  five  to  fifteen  times  its 
volume  of  air,  gas  forms  a  violently  explosive  mixture. 
If  there  are  less  than  five  parts  of  air  to  one  of  gas 
the  mixture  will  only  burn,  not  explode.  If  more  than 
fifteen  parts  of  air  are  mixed  with  one  of  gas,  the 
mixture  is  too  weak  either  to  burn  or  explode.  With- 
out the  addition  of  any  air,  gas  will  neither  burn  nor 
explode.  A  light  put  into  a  vessel  full  of  gas  would 
be  extinguished,  provided  no  air  were  at  the  same 
time  admitted. 

Danger  of  playing  with  gas. 

For  the  reasons  mentioned,  gas  shpuld  be  kept  pro- 
perly under  control  and  not  be  allowed  to  escape  into 
the  air  without  being  burnt  under  proper  conditions. 
Used  in  a  rational  manner,  gas  is  perfectly  safe.  But, 
like  every  other  form  o>f  fire,  whilst  being  a  good 
servant,  it  is  a  bad  master.  Children  should  never  play 
with  gas  taps  or  gas  fittings  of  any  kind.  They  should 
not  hang  clothes  upon  gas  brackets  or  pendants,  nor 
use  the  latter  for  gymnastic  purposes.  The  writer  has 
known  this  done  by  schoolboys,  with  unpleasant  results. 

To  turn  a  gas  tap  off  it  should  be  turned  until  at 
right  angles  to  the  pipe  which  it  is  required  to  close. 
This  should  be  demonstrated.  There  is  usually  a  stop 
to  keep  the  tap  from  turning  further  after  the  gas  is 
shut  off,  but  this  is  sometimes  missing— hence  the 
necessity  for  the  foregoing  instruction. 

Gas  lighter  than  air. 

Gas  is  much  lighter  than  air,  and  therefore  rises  at 
once  on  being  released  from  a  pipe  or  tap.  Two 
volumes  of  gas  weigh  rather  less  than  one  volume  of 
air.  Its  specific  gravity  is  about  0'47  (air  =  1). 
Hydrogen  gas  is  very  much  lighter  than  coal  gas,  but 
is  very  costly  to  produce,  and  is  therefore  only  rarely 
used.  Since,  therefore,  gas  is,  as  it  were,  a  light  fluid 
immersed  in  a  heavier  one  (air),  children  may  most  easily 
understand  its  properties  by  imagining  that  it  is  always 
seeking  to  ascend  so  that  its  place  may  be  taken  by  the 
heavier  air ;  the  opposite  being  true,  of  course,  of  water. 
But  this  simple  view  is  very  liable  to  lead  to  misunder- 
standing, and  wherever  possible  the  more  correct  and 
instructive  treatment  given  in  Appendix  D  should  be 
explained. 

Gas  works  and  water  works. 

Because  gas  naturally  seeks  to  ascend,  gas  works 
are  always  built  in  the  lowest-lying  parts  of  a  town. 
The  opposite  is  the  case  with  water  works,  which  are 
always  placed  as  high  as  possible,  because  water  natur- 

Gas   statics  and  dynamics. — Equilibrium    of  gas  in  a  vertical  pipe :  practically 

treated  as  a  perfect  fluid. — Difference  between  diffusion  and  escape  through  a  leak. 

Peculiarities  of  gas  passage  through  rubber. — Flow  in  Pipes. 


volume    varies    (for    all 
as     the      temperature 
It  can  be,  and  is  often, 


Combustibles. 


Carbon  monoxide... 
Illuminants... 

Oxygen        

Carbon  Dioxide 3%    J-  Inert. 

Nitrogen 

Products  of  combustion. 

If  we  neglect  the  minute  traces  of  sulphur  compounds 
and  the  nitrogen,  the  products  of  complete  combustion 
of  commercial  gas  are,  whatever  its  composition,  two 
and  only  two  :  Steam  and  Carbon  Dioxide.  Where 
combustion  is  incomplete,  either  soot  (carbon)  may  be 
deposited  owing  to  insufficient  air;  or  portions  of  the 
gas  may  pass  unburned  through  the  flame  (and  then 
any  constituent  of  the  gas  might  conceivably  appear  in 
the  "fumes");  or  finally,  since  combustion  is  not  a 
one-stage  process,  intermediate  products  of  combustion 
may  escape  unburned ;  these  are  complicated  and  fre- 
quently evil-smelling  hydrocarbons  not  originally 
present  in  the  gas. 

Kind  of  coal  used. 

The  coal  from  which  gas  is  made  is  known  (though 
inaccurately)  as  "  bituminous  "  or  (more  correctly)  as 
soft  coal,  to  distinguish  it  from  the  hard  "  steam  " 
and  anthracite  coals,  which  yield  a  much  smaller  pro- 
portion of  gas.  "  Steam  "  coal  is  so-called  because 
it  is  especially  useful  for  heating  steam  boilers — both 
in  locomotives  and  stationary  engines — since  it  makes 
very  little  smoke  when  burned. 


PART  I.— LESSON  3. 


THE    FORMATION    OF    COAL. 


Geological  history  of  coal. 

(Draw  geological  strata  on  blackboard,  and 
explain  the  untold  ages  that  have  gone 
to  make  coal,  etc.,  etc.) 

It  should  here  be  pointed  out  that  coal  is  compressed 
wood  or  vegetable  matter,  and  that  this  is  found  in 
various  stages  of  change  from  wood  or  cellulose  into 
graphite  or  pure  carbon. 

These  stages  are  :  Wood  peat  (as  largely  found  in 
Ireland,  Scotland,  Devonshire  and  other  moorland  dis- 
tricts that  were  once  forests) ;  lignite  or  brown  coal  (as 
found  in  Germany  and  to  a  small  extent  at  Bovey 
Heathfield,  in  Devonshire) ;  bituminous  coal  (found  in 
Scotland,  Northumberland,  Durham,  Yorkshire,  Lanca- 
shire, Derbyshire,  Nottinghamshire,  Staffordshire,  and 
elsewhere  in  the  British  Islands) ;  anthracite  (found 
largely  in  South  Wales  and  the  United  States) ;  graphite 
(found  in  Cumberland,  and  deriving  its  name  from  the 
Greek  graphein  =  to>  write,  because  the  lead  in  pencils 
is  made  from  graphite). 

The  following  table  (compiled  by  Roscoe  and  Schor- 
lemmer)  shows  the  changes  in  chemical  composition 
which  wood  undergoes  in  the  transition  stages  :  — 


Carbon.          Hydrogen. 


Wood 

Peat 

Lignite 

Newcastle   coal 

Anthracite 

Graphite    . . . 


50'0 
60-0 
67-0 
88-4 
94-0 
100-0 


6-0 
5'9 
5*3 
5-6 
3-4 
O'O 


Oxygen  and 
Nitrogen. 

44-0 

34-1 

27-7 

6'0 

2'6 

O'O 


Derivation  of  the  word  "  coal." 


The  derivation  of  the  word  "  coal  "  is  from  the  root 
kol,  common  to  all  Teutonic  nations,  whilst  the  word 
"  carboniferous  "  (which  is  applied  to  the  geological 
formations  whence  coal  is  obtained)  and  "  carbon  " 
(which  is  the  principal  constituent  of  coal)  are  derived 
from  the  Latin  carbo. 


At  one  time  the  term  coal  (or,  as  it  was  spelled  until 
the  middle  of  the  seventeenth  century,  "  cole  " — still 
preserved  in  the  spelling  of  Old  King  Cole)  was  applied 
to  what  we  now  call  charcoal.  This  was  the  residuum 
obtained  by  the  destructive  distillation  of  wood,  and 
bore  the  same  relation  to  wood  as  coke  does  to  coal. 

In  the  process  of  the  destructive  distillation  (or  "  car- 
bonising ")  of  the  wood,  however,  the  gas  given  off 
was  wasted  and  the  charcoal  was  the  only  useful  pro- 
duct ;  whereas  coke  is  only  the  residual  (or  by-)  product 
of  coal  distillation  (or  carbonisation,  as  it  is  generally 
called  by  gas  engineers),  gas  being  the  primary  product. 


History  of  formation. 

(Show  pictures  and  specimens  of  different 
"rocks'1  from  geological  museum; 
pieces  of  coal  and  coke.) 

As  has  been  shown,  coal  is  the  result  of  an  evolution 
from  woody  fibre  and  other  vegetable  matter  by  the 
elimination  of  oxygen  and  hydrogen  in  proportionally 
larger  quantities  than  carbon,  so  that  the  percentage 
of  the  latter  steadily  increases.  The  evolution  has  been 
brought  about  partly  by  bacterial  activity  and  chemical 
action  changing  the  wood  into  peat  and  by  geological 
causes  changing  the  peat  into  coal  through  chemical 
and  physical  processes  similar  to  those  which  converted 
ordinary  sediments  into  rock. 

(Refer  to  geological  strata.) 

The  conditions  most  favourable  to  the  production  of 
coal  were  forest  growths  near  the  mouths  of  rivers  in 
districts  where  changes  of  level  were  frequent,  the 
forests  becoming  submerged  and  covered  by  sediment 
on  which,  when  the  land  rose  again,  fresh  forests  grew, 
to  be  subsequently  submerged  in  their  turn. 

(Show  fossils.) 

Traces  of  ferns,  leaves,  and  other  vegetable  matter 
are  often  found  in  coal. 


(Geology  of  fuels.) — Analysis  of  Coal. — Ultimate  chemical  analysis. — Paleobotanical 
analysis. — Microscopic  analysis  through  films,  and  by  etclted-surface  reflection. 
Different  solvents. — Progressive  distillation. — Main  objects  of  Analysis  :  quantity  of 
volatile  matter,  and  quality  of  coke. — Rough  classification  of  coal :  Bituminous,  etc. — 
Stopes'  classification  of  Bitumens. — Effect  of  Resins  and  other  constituents  on 
coke.  Explanation  of  swelling,  density  and  strength. — Physical  conditions  of 

manufacture  and  their  effect. 


PART  I.— LESSON  4. 


COAL  A  TREASURE  THAT  SHOULD  NOT  BE 

WASTED. 


An  artificial  sunshine  factory. 

As  vegetable  matter  owes  its  growth  and  maturity 
largely  to  the  action  of  the  sun's  rays  and  to  the 
absorption  of  carbon  from  the  atmosphere,  our  coal- 
fields may  be  said  to  be  the  storage  place  of  the  light 
and  heat  of  bygone  ages.  When,  therefore,  we  extract 
from  the  coal  its  inflammable  essence  and  turn  it  into 
light  and  heat — finally  dissipating  into  the  air  the 
carbon  in  gaseous  form,  to  be  again  absorbed  by  the 
plants  and  trees — we  complete  a  cycle  of  operations 
begun  countless  years  ago.  Added  interest  is  derived 
from  the  fact  that  the  light  given  by  incandescent  gas 
mantles  very  closely  resembles  daylight  (as  judged  by 
the  spectroscope)  and  that  the  heat  rays  from  a  modern 
gas  fire  are  very  similar  to  those  from  the  sun. 

The  very  prosaic-looking  and  by  no  means  beautiful 
gas  works  are  therefore  nothing  less  than  an  artificial 
sunshine  factory,  unbottling  the  sunbeams  laid  down  in 
nature's  cellars  in  prehistoric  times. 

A  source  of  Britain's  wealth. 

(Show  pictures  of  ships  loading  coal,  etc.) 

The  fact  that  the  British  Islands  are  rich  in  what 
are  known  as  coalfields  is  of  great  importance,  and 
has  helped  to  make  our  country  very  wealthy.  We 
export  large  quantities  of  coal  for  the  making  of  gas 
in  foreign  countries.  This  trade,  besides  bringing 
much  foreign  wealth  into  this  country  to  employ  British 
labour  and  capital,  cheapens  the  cost  of  transit  to  our 
ports  of  goods  sold  to  us  by  foreign  countries  (e.g., 
butter  and  eggs  from  Denmark),  as  the  ships  are  full 
of  cargo  both  ways. 

Importance  of  conservation  of  our 
precious  coal  resources. 

Our  stores  of  coal,  though  still  large,  are  not  by  any 
means  inexhaustible,  and  every  invention  which  enables 
us  to  get  increased  value  out  of  every  one  of  the  250 
million  tons  of  coal  raised  annually  under  normal  con- 
ditions is  of  importance. 

No  waste  in  a  gas  works. 

In  this  direction  gas-making  is  a  noteworthy  achieve- 
ment, as  there  is  no  waste  in  a  gas  works.  When  coal 
is  burned  in  a  fireplace  a  great  deal  of  it  is  wasted  in 


smoke  and  unburnt  gas,  which  are  not  only  wasted  but 
make  gloom  and  dirt  in  our  towns  and  cities.  If  coal 
is  used  to  make  gas,  no  waste  takes  place.  This  will 
be  seen  when  we  describe  the  various  processes  of  gas 
manufacture,  but  may  be  briefly  summarised  here  in 
the  following  statement  of  the  result  of  "  carbonising 
a  ton  of  coal  :— - 

Weight  of  Products  from  2, 240Zbs.  of  Coal  used  in 

a  Gas  Works. 

Ibs. 

Gas  437 

Coke  ...     1432 


Tar 

Liquor  from  which  valuable  manure  is  manu- 
factured 
Sundries 


179 

225* 
27 


2300* 


*Including  water  added  in  washing. 

(Show  pictures  of  coalfields  above  ground — 
e.g.,  in  India.) 

(Show  drawings  of  sections  of  coal-bearing  strata.) 

Coal  is  not  found  on  the  surface  of  the  earth  in  this 
country.  It  cannot  be  quarried  like  stone.  It  lies  in 
many  cases  far  below  the  grounds  in  beds  or  seams  (or 
strata)  of  varying  thickness,  with  other  beds  in  be- 
tween. The  strata  or  seams  (as  they  are  known  in 
coal-mining)  vary  in  thickness  from  a  few  inches  up  to 
the  45  feet  which  a  seam  in  Staffordshire  (known  as  the 
"  ten-yard  seam  ")  measures  in  some  parts.  In  France 
and  India  seams  up  to  200  feet  thick  are  known. 

(Show  picture.) 

The  coal  is  reached  (or  "  won  ")  by  means  of  mining 
shafts  or  pits  bored  vertically  downwards  (many 
hundreds  of  feet  very  often)  until  the  coal  seams  are 
reached,  and  then  driven  from  side  to  side  through  or 
to  the  coal,  pillars  of  which  are  left  to  support  the 
earth  above  and  prevent  the  tunnelled-out  galleries  from 
collapsing.  Wooden  beams  and  props  are  used  for  the 
same  purpose.  The  miners  are  lowered  into  the  mines 
by  lifts  or  cages  worked  by  machinery  at  what  is  called 
the  pithead.  Here  also  is  machinery  for  pumping  up 
the  water  that  frequently  finds  its  way  into  the  mines, 
and  for  ventilating  the  galleries  or  "  levels." 


Power  in  Economic  History. — Industrial  Revolution.— Coal  and  Iron  not  Blood  and 

Iron   the  basis  of  modern    Germany,   Cf.  Keynes  passim. — Coal  and  population.— 

Power  production  per  head  in  different  countries  and  times. —  Unstable  construction 

of  Europe's  industrial  life. — Coal  and  Transport. 


PART  I.— LESSON  5. 


COAL   FORMATIONS. 


BLACKBOARD. 

(See  Lessons  3  and  4.) 


Fig.  I. 

(a)  Shows  the  original  formation.  The  immense  deposits  of  vegetation  originally  settled  down  in  an  almost  uniformly 
thick  layer.  The  heavy  lines  represent  the  coal  beds.  Immediately  under  the  coal  is  a  clayey  soil  in  which  the  original 
vegetation  probably  grew  ;  fossil  tree  roots  are  found  in  it,  occasionally  attached  to  a  part  of  the  original  tree  trunk 
standing  erect  in  the  coal.  The  coal  is  covered  by  a  roof  layer  of  sedimentary  rock  probably  deposited  as  mud.  The 
various  layers  are  called  strata. 

Illustrations  of  the  sedimentary  rock  (coal  is  geologically  a  rock)  are  very  common.  Cuttings  made  for  railways  and 
roads,  and  cliffs  at  the  seaside,  show  how  successive  layers  of  mud  have  been  deposited  ;  each  layer  preserves  its  distinct 
formation  probably  because  it  had  time  to  harden  before  the  next  deposit  was  made.  Ordinary  slate  is  really  sedimentary 
rock,  and  it  is  its  laminated  structure  that  makes  it  possible  to  split  the  slate  into  such  beautifully  uniform  slices  for 
use  as  writing  slates  or  for  roofs  of  houses. 

Whereas  (a)  shows  what  was  probably  the  original  form  of  the  coal  measures  in  almost  parallel  horizontal  layers  or 
strata,  the  coal  is  not  found  in  this  formation.  Great  earth  movements  have  taken  place  since  the  deposits  were  made. 
One  type  of  earth  movement  is  shown  in  (b).  The  strata  or  layers  are  twisted  into  a  sort  of  mountain.  In  some  cases  very 
heavy  rains  and  other  forms  of  atmospheric  erosion  have  tended  to  level  off  this  deflection.  Imagine  this  levelling  to  take 
place  down  to  the  line  d-d,  and  it  will  be  seen  that  the  coal  seam  will  actually  appear  on  the  surface.  This  has  occurred 
in  some  coal  districts. 

(c)  Shows  another  type  of  earth  movement,  a  sort  of  earthquake  causing  one  part  of  the  ground  to  slip  over  the  other. 
This  breaks  the  continuity  of  the  coal  seam. 

If  a  soft  covered  book  be  taken  and  bent,  the  edges  of  the  leaves  form  an  excellent  illustration  of  the  strata  of 
sedimentary  deposits.  It  is  probably  safe  to  say  that  a  coal  formation  could  be  found  to  correspond  to  almost  every 
contortion  that  could  be  made  of  a  soft  covered  book. 

No  matter  what  contortion  takes  place,  the  sequence  of  the  deposits  remains  unaltered.  This  fact  is  of  great  value 
to  the  mining  engineer,  as  it  enables  him  to  predict  the  presence  of  coal  from  a  knowledge  of  the  other  strata. 


PART  I.— LESSON  6. 


WHAT    HAPPENS    IN    THE    COAL    MINE. 


The  miner's  lamp. 

The  miners  have  to  carry  candles  or  lamps,  and  in 
all  mines  where  there  is  a  risk  of  gas  (or  fire-damp) 
safety  lamps  are  used.  These  were  invented  by  Sir 
Humphry  Davy  in  1816,  and  have  been  the  means  of 
saving  many  lives.  The  flame  in  these  lamps  is  shut 
off  from  the  air  by  a  metal  gauze,  which  prevents  the 
local  temperature  of  the  gas  from  rising  to  the  ignition 
point  (see  note).  The  same  principle  is  adopted  in 
Bunsen  gas-burners  to  prevent  the  flame  ' '  firing  back  ' ' 
and  igniting  the  gas  at  the  injector  into  the  chamber 
where  it  mixes  with  air  before  being  burned.  It  is 
interesting  to  note  that  although  Sir  Humphry  Davy 
was  himself  a  great  inventor,  he  at  one  time  refused  to 
believe  that  it  would  be  possible  to  use  gas  for  domestic 
purposes. 

The  pit  pony. 

The  coal,  after  it  has  been  "  got  "  (i.e.,  dug  out  of 
the  seams  by  pickaxe  or  blasting)  by  the  miners,  has 
to  be  hauled  in  tubs  by  pit  ponies  or  machinery  to  the 
bottom  of  the  shafts,  and  is  then  wound  to  the  surface 
by  the  engines  at  the  pithead  in  cages  drawn  up  by 
wire  ropes,  which  wind  round  a  drum.  These  pit  ponies 
are  sometimes  born  underground  and  live  in  the  gloom 
of  the  mines  all  their  lives,  unless  brought  up  during 
a  strike. 

Carriage  of  coal  from  mine  to 
gas  works. 

(Show  picture.) 

(Arrange  School  visit  to  gas  works,  etc.) 

From  the  pithead  the  coal  is  conveyed  in  railway 
trucks  to  the  gasworks,  either  directly  or  by  ship  or 
barge.  A  good  deal  of  coal  is  conveyed  to  gasworks 

NOTE.— It  is  very  important  to  observe  that  all  the  heat  from  the  flame 
reaches  the  gas  outside  the  gauze.  The  reason  why  a  particularly  good 
conductor  of  heat  (copper)  is  chosen,  is  to  ensure  the'  rapid  dispersion  of 
this  heat  by  radiation  or  by  conduction  to  the  body  of  the  lamp  whence  it 
is  radiated,  without  any  considerable  rise  in  temperature.  This  rapid  dis- 
persion of  the  heat  for  a  time  prevents  the  temperature  of  the  outside 
air  from  anywhere  reaching  the  "ignition  temperature";  that  is  to  say,  the 
minimum  temperature  at  which  it  will  itself  burst  into  flame,  thereafter  con- 
tinuing alight  by  its  own  energy  continually  set  free  in  the  process;  it  is 
this  energy  which  provides  the  force  of  the  explosion. 


in  the  Midlands  by  canal,  but  the  best  use  is  not  made 
of  our  canals  owing  to  the  control  by  the  railways. 
Most  of  the  coal  used  in  London  is  brought  by  sea 
from  the  Tyne  (Newcastle  and  North  Shields),  the  Wear 
(Sunderland),  or  the  Humber  (Hull).  Some  is  brought 
by  train,  and  some  of  that  brought  to  the  Thames  by 
sea  in  large  steamers  carrying  3,000  or  4,000  tons  is 
transferred  in  the  lower  reaches  of  the  Thames  to  barges 
and  taken  by  canal  or  river  to  gas  works  in  other  parts 
of  London.  A  steam  tug,  with  a  string  of  barges  in 
tow  for  the  Vauxhall,  Nine  Elms,  Fulham,  Wands- 
worth,  or  Brentford  Gasworks  is  a  familiar  sight  from 
any  of  the  Thames  embankments  or  bridges. 


Machinery  in  mines  instead  of 
hand  labour. 

(Compare  with  quarrying  for  stone 
by  blasting.) 

(Describe  a  crane.) 

Machinery  now  does  a  great  deal  of  work  in  connec- 
tion with  coal-mining  and  distribution  that  was  formerly 
done  by  hand  labour.  Machine  drills  are  employed  in 
many  mines  in  place  of  hand  drills  for  making  the 
blasting  holes,  whilst  most  of  .the  work  of  transferring 
coal  from  railway  trucks  into  ships,  from  ships  into 
barges,  and  from  ships  or  barges  into  the  coal  stores 
of  a  gasworks,  is  done  by  mechanical  means.  Trucks 
and  conveyors  are  made  with  collapsible  bottoms  which 
drop  the  coal  on  to  the  ground  beneath  without  hand- 
ling. Others  are  made  which  can  easily  be  turned  over 
so  as  to  shoot  their  contents  where  required.  For  lift- 
ing coal  out  of  the  hold  of  a  ship  or  barge  large 
"  grabs  "  are  used  which  are  let  down  open  on  to 
the  neap  of  coal  and,  being  closed  by  machinery,  enclose 
(or  grab)  large  quantities  of  coal,  and  are  then  lifted 
and  moved  by  cranes  to  other  positions,  where  they 
again  open  and  drop  the  coal.  On  some  of  the  larger 
gas  works  railway  engines  and  trucks  are  used  for  con- 
veying the  coal  from  the  unloading  jetties  into  the 
retort  houses  where  the  gas  is  made.  In  others,  speci- 
ally designed  conveying  machinery  is  employed  (see 
illustrations  in  Lessons  7  and  8). 


Theory  of  Conduction. — Conductors  and  Insulators. — Various  theories  of  heat. — 
Analogous  phenomena  in  electricity  and  light :  distinctions.  Temperature  gradient. 
—Principles  of  mathematical  theory  of  heat  flow:  not  a  physical  explanation. 
Fundamental  ideas  of  Fourier's  theorem  and  Laplace's  Equation. — Practical 
insulators. — Wool  and  cotton  as  clothing. 
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PART  I.— LESSON  7. 


COAL  CRANES. 


BLACKBOARD. 

CRANE   FOR  UNLOADING  COAL  (see  Lesson  6). 

i 


7///////////////////r"/////////////////////////////////'////////7/Y/ 

Fig.  II. 

Coal  is  usually  brought  to  the  gas  works  in  barges  (though  sometimes  by  rail),  and  conveyed  into  the  works 
in  trucks.  One  method  of  getting  the  coal  from  the  barge  into  the  works  is  shown  in  Fig.  II.  (a)  is  the  ground 
line  and  (b)  is  a  girder  or  bridge  supported  by  columns  of  which  (h)  is  one,  and  upon  which  is  mounted  the  crane 
(c).  The  crane  is  provided  with  an  engine,  which  rotates  the  drum  (d),  either  winding  or  unwinding  the  chain  (e)  ; 
(i)  is  a  roller  over  which  the  chain  (e)  passes.  Hanging  to  the  end  of  the  chain  is  a  large  iron  vessel  (//)  shaped 
like  an  ordinary  bucket.  This  can  be  lowered  into  the  barge  and  filled  with  coal  by  the  workmen.  It  is  then 
lifted  by  the  crane  (c)  until  its  contents  can  be  tilted  into  the  truck  (/),  which  when  full  is  wheeled  off  to  the 
retort  house. 

To  store  a  large  quantity  of  coal  for  the  winter,  the  crane  empties  it  on  the  ground  near  by,  where  it  forms  a 
cone-shaped  heap  like  that  shown  by  (g). 


12 


PART  I.— LESSON  8. 


GRAB"    FOR    UNLOADING   COAL 


BLACKBOARD. 


(See  Lesson  6.) 


The  method  of  unloading  coal  shown  in 
Fig.  II.  is  rather  slow,  because  the  bucket 
has  to  be  filled  by  hand.  Fig.  III.  shows 
a  machine  called  a  grab,  which  can  work 
much  faster  and  handle  immense  quantities 
of  coal.  It  is -lowered  into  the  barge  by 
means  of  a  crane,  and  really  takes  the 
place  of  the  bucket  (h)  (see  Fig.  II.). 

The  grab  is  lowered  on  to  the  coal 
with  jaws  open  (as  in  2,  Fig.  III.). 
When  the  crane  begins  to  wind  up  the 
chain,  the  jaws  of  the  grab  close  up  (as 


in  1,  Fig.  III.),  and  enclose  perhaps 
a  ton  of  coal.  The  closed  grab  is 
then  lifted  until  it  is  over  the  truck 
(see  Fig.  II.).  It  is  then  lowered  a 
little,  a  catch  causes  the  jaws  to  open, 
and  the  coal  is  discharged. 

The  chains  (a)  and  (b)  (see  2, 
Fig.  III.)  pull  the  jaws  together  to 
close  the  grab.  The  teeth  along 
the  edges  help  the  grab  in  "  biting 
up"  the  coal. 


ig.    III. 


PART  I.— LESSON  9. 


CARBONISATION. 


Carbonisation :  its  difference  from 
combustion. 

We  have  now  seen  what  gas  is — an  invisible,  strong- 
smelling-,  elastic,  light  vapour,  consisting  largely  of 
carbon  and  hydrogen  given  off  by  coal  when 
heated,  and  capable  of  burning  or  exploding ;  what  the 
origin  of  coal  is,  where  it  is  found,  how  it  is  obtained, 
and  how  it  is  transported  to  the  place  where  the  gas  is 
extracted  from  it. 

Next  we  have  to  consider  the  method  of  that  extrac- 
tion and  the  reasons  for  adopting  that  method,  which 
we  have  already  referred  to  as  "  destructive  distilla- 
tion," or  "  carbonisation." 

The  process  of  distillation  as  applied  to  coal  is  carried 
out  by  the  subjecting  of  the  coal  to  a  high  temperature 
in  what  is  known  as  a  retort. 

"  Distillation  "  is  the  process  of  obtaining  the 
various  elements  of  a  substance  in  a  separate  state. 

'  Destructive  distillation  "  is  defined  as  "  the  dis- 
tillation of  substances  at  very  high  temperatures,  so 
that  the  ultimate  elements  are  separated  or  evolved 
in  new  combinations." 

It  is  important  to  point  out  the  different  results 
obtained  from  the  application  of  heat  to  coal  in  the 
process  of  distillation  or  carbonisation,  as  compared 
with  those  obtained  in  the  process  of  combustion. 

(Demonstrate  in  fireplace.) 
(Explain  use  of  bellows,  etc.) 

When  heat  is  applied  to  coal  in  a  furnace  or  grate, 
combustion  ensues.  The  raising  of  the  temperature 
first  results  in  the  more  volatile  elements  passing  off 
in  the  form  of  heavy  smoky  vapours,  thickly  charged 
with  tarry  matter  and  unconsumed  carbon,  and  we  get 
smoke  belching  out  of  the  chimney  and  soot  being  de- 
posited on  its  inside.  This  is  the  wasteful  process  that 
defiles  our  atmosphere  and  buildings.  Then,  as  the 
temperature  is  further  raised,  the  carbonaceous  matter 
and  the  hydrogen  in  the  vapours  combine  more  actively 
with  the  oxygen  in  the  air  and  burst  into  flames.  Pro- 
vided a  sufficient  supply  of  air  can  get  to  the  coal, 
the  whole  burns  away  until  nothing  remains  but  ashes 
— the  indestructible  mineral  matter  that  is  the  final 
residue  of  coal,  coke  or  wood. 


The  coal  has  not  only  been  resolved  into  its  elements, 
but,  by  the  mixing  of  oxygen  with  them  in  their 
separated  and  heated  condition,  the  combustible  por- 
tions of  those  elements  have  been  consumed,  i.e.,  turned 
into  heat  energy  and  "  products  of  combustion  " 
carbon  dioxide,  carbon  monoxide,  and  sulphur  dioxide. 

When,  however,  heat  is  applied  to  coal  in  a  closed 
retort  from  which  air  is  excluded  and  the  only  outlet 
is  a  pipe  leading  into  other  closed  apparatus,  distilla- 
tion, not  combustion,  ensues.  The  volatile  elements, 
as  they  are  given  off  by  the  heated  coal,  are  not  con- 
sumed, but  pass  away  through  the  outlet  pipe  in  the 
form  of  gas  charged  with  water  vapour,  tarry  matter, 
sulphur,  and  other  impurities,  whilst  the  coke — and 
some  solid  carbon — remains  behind  in  the  retort. 

(Demonstrate  gas  making.) 

A  simple  demonstration  of  gas-making  can  be  given 
with  a  clay  pipe,  filled  with  coal  dust  covered  over  with 
clay  and  held  in  a  bunsen  flame.  Gas  will  then  issue 
from  the  end  of  the  stem,  and  can  be  ignited. 

In  a  gas  works  a  retort  made  of  fireclay  takes  the 
place  of  the  clay  pipe,  whilst  a  coke  fire — or  in  some 
cases  a  tar  fire — in  a  furnace  under  the  retort  takes  the 
place  of  the  bunsen  burner,  and  a  large  pipe  (known 
as  the  ascension  pipe)  takes  the  place  of  the  pipe-stem. 
But  the  principle  is  the  same  in  both  cases. 

Fireclay. 

The  particular  form  of  clay  used  for  making  gas 
retorts  (or  bricks  for  use  when  brickwork  has  to  with- 
stand high  temperatures)  is  known  as  fireclay.  Many 
clays  fulfil  the  conditions  required  of  fireclays,  namely, 
that  they  can  withstand  high  temperatures  without 
fusion  (or  melting),  excessive  shrinkage,  or  warping ; 
but  the  term  "  fireclay  "  is  generally  restricted  in  use 
to  certain  shales  found  in  the  Coal  Measures,  which 
contain  only  a  small  percentage  of  oxide  of  iron,  mag- 
nesia, lime,  soda  and  potash,  and  a  high  percentage 
of  alumina  and  silica. 

This  composition  renders  the  fireclay  highly  refractory 
(  —  obstinate,  difficult  to  move  or  change,  obdurate — 
like  some  people's  dispositions).  While  there  is  no 
fixed  standard  of  refractoriness,  no  clay  would  be 
classed  as  refractory  that  would  fuse  at  any  temperature 
below  1600°  Centigrade. 
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PART  I.— LESSON  10. 


GAS    MAKING   RETORTS. 


The  temperatures  in  gas-making  retorts  range  from 
about  1100°  C.  to  about  1300°  C. 

Colour  equivalents  of  high 

temperatures. 

These  high  temperatures  are  measured  by  means  of 
special  instruments  known  as  pyrometers  (from  the 
Gr.  pyr,  fire,  and  meter),  but  by  experienced  men  can 
be  roughly  and  fairly  accurately  gauged  by  the  colour 
in  the  retort  or  furnaces,  as  seen  through  the  sight- 
holes,  according  to  the  following  table  by  Pouillet : — 

Faint   red   denotes   about  ...       525°  C. 

Dull   red  ...       700°  C. 

Brilliant  red  ...       800°  C. 

Cherry  red  ...       900°  C. 

Bright   cherry    red  ...     1000°  C. 

Orange  ...      1100°  C. 

Bright  orange  ...      1200°  C. 

White  ...     1300°  C. 

Bright  white  ...     1400°  C. 

Dazzling  white  ...     1500°  C. 

Clay  versus  cast  iron  for  retorts. 

The  melting-point  of  cast-iron  is  from  1050°  to 
1200°  C.,  and  that  is  why  cast-iron  retorts,  which  were 
at  first  and  for  some,  years  used  for  gas-making,  were 
abandoned  in  favour  of  fireclay ;  as  it  was  found  that 
far  better  results  in  yield  of  gas  could  be  obtained  by 
the  employment  o-f  higher  temperatures  than  cast-iron 
could  withstand.  Cast-iron  retorts  are  still  used  in  some 
very  small  works,,  where  gas-making  is  intermittent, 
as  they  suffer  less  damage  than  fireclay  from  frequent 
cooling  and  re-heating. 

The  fireclay  retorts  usually  used  for  gas-making  are 
round,  oval,  or  far  more  generally  ^^  shaped,  with 
internal  dimensions  of  about  21  inches  by  15  inches  and 
10  feet  in  length.  These  are  set  together  in  settings 
of  from  two  to  ten  retorts  heated  by  one  furnace,  and 
in  all  but  small  works  join  on  to  an  equal  number  of 
retorts  heated  by  another  furnace,  back  to  back,  making 
"  through  "  retorts  20  feet  in  length,  closed  at  each  end 
by  an  iron  hinged  lid  which  is  screwed  tight  against  the 
mouthpiece  of  the  retort.  The  settings  in  a  large  retort- 
house  are  built  in  benches  containing  as  many  as  150 
"  through  "  retorts. 

How  retorts  are  arranged. 

For  many  years  these  retorts  were  set  horizontally  ; 
subsequently  retorts  set  at  such  an  angle  as  enables 
the  coal,  after  being  mechanically  raised  to  the  top  of 
the  setting,  to  run  into  and  "  charge  "  them,  and  the 


coke  to  fall  out  of  (or  "  discharge  ")  them  by  gravity, 
and  known  as  "inclined"  retorts,  were  adopted  in  places. 
But  retorts  set  vertically  and  filled  completely  with 
coal  are  superseding  the  latter  at  the  present  time,  and 
have  many  advantages. 

Each  10  foot  horizontal  retort  is  charged  with  about 
3  cwt.  of  coal  at  a  time,  and  is  charged  and  discharged 
three  times  every  twenty-four  hours.  This  work  was  at 
one  time  done  entirely  by  hand  labour,  long  scoops  being 
employed  for  the  charging  and  long  rakes  for  getting 
out  the  red-hot  coke.  This  is  very  hot  and  trying  work, 
and  only  strong,  healthy  men  are  engaged  as  gas 
stokers.  Anyone  who  has  seen  the  hand-charging-  and 
discharging  of  a  bench  of  retorts  at  night  will  have 
been  struck  by  the  picturesqueness  of  the  scene — re- 
sembling one's  early  conceptions  of  the  infernal  regions 
— and  also  by  the  arduous  character  of  the  task. 

Mechanical  in  place  of  hand 
stoking. 

Hand-stoking  is,  however,  rapidly  dying  out  in  all 
but  the  small  gas  works,  as  very  ingenious  and  efficient 
machinery  has  been  devised  for  shooting  the  coal  into 
the  retorts  after  the  coke  has  been  pushed  out  at  the 
other  end.  These  charging  and  discharging  machines 
are  operated  by  electric  power,  generated  on  the  works 
by  engines  driven  by  gas. 

A  retort-house  of  the  present  day  is,  as  a  consequence, 
a  very  different  place  from  that  of  a  quarter  of  a  century 
ago,  for  the  coal  is  mechanically  conveyed  overhead 
to  the  charging  machines  instead  of  being  shovelled  up 
from  the  floor  of  the  house,  while  the  hot  coke,  as  it 
falls  from  the  retorts,  is  conveyed  mechanically  away 
to  the  coke-heaps  or  to  the  furnaces  for  heating  the 
retorts. 

Nature's  cycle  of  events. 

It  will  be  noticed  that  the  heat  required  for  the  work 
of  gas-making  is  obtained  from  a  by-product  of  that 
process- — coke  (or,  sometimes,  tar).  Originally,  of 
course,  coal  or  wood  must  have  been  used  to  create  the 
heat  necessary  for  making  the  first  gas,  and  it  may  be 
of  interest  to  emphasise  here  the  great  fact  of  nature's 
conservation  of  energy,  the  never-ending  cycle  of  events 
which  enables  us  to  obtain  the  heat — the  energy — which 
is  vital  to  our  existence,  and  of  which  the  sun  is  the 
ultimate  source;  for  we  have  seen  how  coal  is  a  product 
of  wood,  and  that  wood  owes  its  growth  to  the  heat  of 
the  sun,  and,  it  may  be  added,  to  the  supply  of  water 
(which  is  circulated  through  the  world  by  the  action 
of  the  sun),  and  to  the  carbonic  acid  gas  in  the  air 
which  is  the  product  of  combustion. 


Principles  of  Thermometry. — Mercury   thermometers. — Gas   thermometers.    Air  and 
Hydrogen  thermometers. — Platinum  resistance  thermometers. — Pyrometers. — Thermo- 
couples, and  other  radiation  methods :  The  Bolometer  and  the  Radio-micrometer, 


15 


PART  I.— LESSON  11. 


RETORT    SETTING. 


BLACKBOARD. 

(See  Lessons  9    and  10.) 


Fig.  IV. 


Fig.  V. 


(e)  is  the  retort,  a  fireclay  tubular  chamber,  8  to  10  feet  long,  usually  shaped  thus  o,  so  that  the  coal  when  placed  in 
it  can  be  spread  over  the  flat  surface  in  a  uniform  layer  The  scoop  (A),  which  is  the  same  length,  as  the  retort,  is  filled 
with  coal,  lifted,  and  pushed  by  the  stokers  right  to  the  end  of  the  retort.  (The  stokers'  platform  (s)  is  sometimes  made 
of  iron  and  sometimes  of  concrete).  It  is  then  turned  over  and  withdrawn,  leaving  the  coal  behind  in  a  uniform  layer.  It 
takes  two  or  three  such  scoopfuls  to  charge  the  retort,  which  is  then  sealed  by  a  lid  (g).  The  gas  immediately  released 
from  the  coal  is  therefore  compelled  to  pass  up  the  pipe  (i)  to  the  large  receiving  pipe  (j)  (see  enlarged  view  in  Fig.  V.).  It 
consists  of  a  large  pipe  shaped  thus  gg  (called  the  hydraulic  main),  and  is  about  half  full  of  water. 

After  passing  down  the  pipe  (/)  the  gas  bubbles  through  the  water  and  enters  the  space  (n).  A  number  of  retorts 
(hundreds  in  large  works)  might  be  connected  to  the  hydraulic  main,  all  the  gas  being  collected  in  the  space  («).  In 
bubbling  through  the  water  the  gas  is  partially  cleansed  from  tar  which,  being  heavier  than  water,  settles  to  the  bottom  and 
is  continuously  drawn  off,  so  that  it  does  not  rise  above  the  normal  level  shown  at  (o).  The  removal  caps  (p)  enable  the 
workmen  to  clear  out  the  pipes. 

Fig.  IV.  also  shows  how  the  retort  is  kept  at  a  sufficiently  high  temperature  to  expel  all  the  gas  from  the  coal. 
(h)  represents  the  furnace  fire  bars  upon  which  a  large  mass  of  coke  (q)  is  consumed.  The  heat  thus  generated  is  led  to 
the  outside  of  the  retort  through  openings  (r).  As  the  coke  in  the  furnace  burns  away  fresh  coke  is  inserted  through  (a). 
The  door  (t)  allows  the  firemen  to  keep  the  fire  bars  cleared  of  ashes.  The  steam  from  a  tray  of  water  (c)  ascends  into  the 
hot  mass  of  coke,  and  is  beneficial  in  practical  working.  The  diagonally  shaded  part  of  Fig.  IV.  represents  special  brick- 
work capable  of  heat  resistance. 

After  five  or  six  hours  the  door  (#)  is  removed  and  the  coke  residue  in  the  retort  is  drawn  out  by  means  of  a  rake.  It 
will  be  noticed  that  since  the  pipe  (I)  dips  into  thfe  water  (ra)  the  gas  in  the  space  (n)  cannot  escape  back  to  the  retort  when 
the  door  (g)  is  removed  ;  that  is,  gas  can  pass  up  the  pipe  (i)  but  cannot  pass  down. 


PART  I.— LESSON  12. 


THE  ORIGIN  OF  FIRE. 


Heat  energy. 

Heat  is  a  form  of  energy,  and  however  produced  is 
always  the  result  of  converted  energy,  whether  it  be 
the  released  energy  of  the  bottled  up  sunshine  of  count- 
less ages  since,  or  that  obtained  by  the  rubbing  of  one's 
hands  together.  Electric  heat  (producing,  say,  the  arc 
light  by  its  rendering  carbon  incandescent)  is  obtained 
by  converting  coal  or  oil  into  heat,  then  converting  that 
heat  into  the  energy  that  rotates  the  dynamo,  from 
which  flows  the  subtle  current  that  is  again  converted 
into  heat  when  it  encounters  resistance.  Gaseous  heat 
is  obtained  from  coal  or  oil  more  directly  and  with 
less  waste  and  cost  than  electric  heat,  and  is  frequently 
used,  in  the  form  of  explosions  inside  an  engine 
cylinder,  to  produce  electric  energy. 

How  man  first  obtained  heat. 

This  makes  it  of  interest  here  to  consider  how  man 
first  obtained  command  of  this  wonderful  universal 
power,  from  which  all  vitality  is  derived,  namely,  power 
in  the  form  of  heat. 

Fire  worship. 

There  is  practically  no  trace  of  a  time  when  man 
had  no  knowledge  and  made  no  use  of  fire.  In  the 
very  earliest  traces  of  civilised  man  there  has  been 
found  the  clearest  evidence  that  he  was  making  fire 
and  using  it  systematically.  Fire  is  a  thing  so  unique 
in  itself,  so  powerful,  both  for  good  and  evil,  that  it 
is  not  to  be  wondered  at  that  primitive  man  regarded 
it  with  great  awe,  and,  considering  it  as  quite  mysterious 
in  origin,  worshipped  it  as  a  god.  Fire-worship  was, 
in  fact,  common  to  all  parts  of  the  world  in  early  times, 
though  the  only  important  country  in  which  it  survives 
to-day  is  Persia. 

Natural  origin  of  fire. 

It  has  been  said  by  a  leading  scientist  that  one  of 
the  chief  distinctions  between  man  and  the  lower 
animals  is  that  man  alone  of  the  animals  makes  and 
makes  use  of  fire.  How  did  he  first  do  so?  Before  he 
ever  made  fire  for  himself  he  learnt,  probably,  to  make 
use  of  fire  having  its  origin  in  natural  causes — vol- 
canoes, lightning,  the  rubbing  together  of  very  dry 
wood  agitated  by  wind  (the  cause  of  fires  in  bamboo 
jungles  in  the  tropics),  or  chemical  action  producing 
spontaneous  combustion.  Instances  of  the  last-men- 
tioned have  occurred  in  Dorsetshire,  where  the  cliffs 
near  Charmouth  are  largely  composed  of  shale  mixed 


with  iron  pyrites.  The  waves  washing  over  the  cliffs 
have  sometimes  caused  the  pyrites  to  decompose,  and 
in  doing  so  to  give  out  sufficient  heat  to  ignite  the 
oily  shale,  which  has  kept  burning  for  years,  giving 
rise  to  a  belief  that  its  origin  was  volcanic. 

Making  fire  by  friction. 

But  man  in  very  early  times  discovered — how,  of 
course,  we  do  not  know — that  it  was  possible  for  him 
to  create  fire  for  himself,  the  earliest  known  means  being 
by  the  rubbing  together  of  two  pieces  of  dry  stick. 
This  looks  and  sounds  easy,  but  requires  very  con- 
siderable knack  and  experience.  There  are  three  known 
processes  for  fire  making  by  friction. 

(A  visit  to  the  British  Museum  would  enable  the  children 
to  see  these  primitive  fire-making  appliances). 

The  first  is  called  the  "  fire  plough,"  a  process 
peculiar  to  the  islands  of  the  Pacific  (the  Polynesian  and 
Melanesian  Islands),  where  a  special  form  of  wood  is 
used — the  hibiscus  wood,  common  to  that  region.  The 
native  takes 'a  piece  of  wood,  on  which  he  puts  his 
foot,  and  then  draws  a  harder  piece  backwards  and 
forwards  in  a  groove  in  the  first.  This  "  ploughs  "  up 
a  small  quantity  of  very  fine  wood  dust,  which  gradu- 
ally gets  so  heated  as  to  be  capable  of  being  blown 
into  an  incandescent  condition,  from  which  dry  grass 
can  be  ignited.  Darwin  acquired  the  art  of  getting  fire 
by  this  means  during  his  celebrated  voyage  in  the 
"  Beagle  "  in  1836,  but  very  few  civilised  men  have 
learned  it  with  success. 

The  second  known  process  is  called  the  "  fire  saw," 
found  in  the  south-eastern  portion  of  Asia,  the  adjacent 
islands  and,  occasionally,  in  Australia.  The  fire  saw  is 
made  of  two  pieces  of  bamboo,  one  with  a  slot  down 
the  middle,  the  other  with  a  sharp  edge.  The  second 
is  worked  with  a  saw  action  in  the  slot  of  the  first, 
making  fine  wood  dust,  as  in  the  first  process. 

The  third  process  is  known  as  the  "  fire  drill,"  in 
which  a  piece  of  hard  stick  is  rapidly  rotated  between 
the  palms  of  the  hands  and  pressed  against  another 
piece  of  wood  placed  on  the  ground,  by  this  means  pro- 
ducing hot  wood  dust,  as  before.  This  last-described 
process  was,  in  various  forms,  used  by  primitive  man 
practically  all  over  the  world. 

When  fire  was  thus  only  rarely  to  be  obtained,  or 
only  to  be  created  by  much  labour,  it  was  naturally 
preserved  with  great  care,  and  in  ancient  times  it  .was 
a  very  general  custom  to  maintain  a  constantly  burning 
fire  in  the  places  of  worship  in  most  parts  of  the  world. 


Conservation  of  Energy. — Mechanical  equivalent  of  heat;  Joule's  experiment. — 
Concept  of  energy. — Potential  and  Kinetic  energy. — General  conception  behind 
Lagrange's  equations  and  generalised  co-ordinates. — Work. — Relations  of  Light 
and  Electricity. — Direct  transformation  of  electro-magnetic  energy  into  work 
and  vice-versa;  dynamos  and  motors. — Degradation  of  energy  into  heat. — Second 
law  of  thermo-dynamics. — Irreversible  actions. 
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PART  I.— LESSON  13. 


EARLY  METHODS  OF  OBTAINING  FIRE. 


The  pyrites  method  of  obtaining  fire. 
Flint,  steel  and  tinder. 

After  the  process  of  obtaining  fire  by  means  of  fric- 
tion, the  next  important  ancient  method  was  the 
"  pyrites  method."  In  many  graveyards  of  this  country 
and  elsewhere  in  Europe  masses  of  this  mineral,  as 
well  as  flint,  have  been  found  together  in  the  graves  of 
warriors.  A  very  dull  heat  was  obtained  by  this 
method,  which  was  comparatively  ineffectual.  It  was, 
however,  the  best  that  could  be  done  before  men  knew 
how  to  smelt  iron.  To-day,  the  pyrites  method  has 
died  out,  except  in  one  or  two  of  the  primitive  places 
in  South  America  and  Iceland,  for,  as  soon  as  man 
advanced  sufficiently  to  know  how  to  smelt  iron,  he 
at  once  had  at  his  command  a  superior  method.  He 
could  then  take  a  steel  and  flint  and  strike  out  sparks  at 
once  at  a  very  much  higher  temperature.  The  sparks 
obtained  were  globules  of  steel  at  a  white  heat  and  in 
a  molten  condition,  and  these,  falling  upon  tinder,  en- 
abled fire  to  be  obtained  quite  readily.  This  process, 
which  was  used  by  civilised  nations  for  centuries,  was 
the  civilised  man's  method  as  distinct  from  any 
aboriginal  process.  Tinder  boxes  were  used  up  to  the 
time  of  the  invention  of  the  friction  match.  Up  to 
1840  one  of  these  was  found  on  every  kitchen  mantel- 
piece in  cottage  and  castle  alike. 

The  first  matches. 

Accompanying  the  tinder  box  were  the  sulphur 
matches  which  were  used  to  obtain  the  final  blaze  after 
the  tinder  had  been  set  smouldering  by  the  sparks. 
Matches  were  important  items  of  merchandise.  They 
were  made  by  tramps  and  people  of  that  class  in  the 
poorer  districts  of  London,  such  as  St.  Giles,  and  they 
were  hawked  round  the  London  streets  and  countryside 
by  these  poor  people,  and  sold  at  so  much  a  bundle. 
These  folk  were  called  the  "  small  timber  merchants." 

The  burning  glass. 

There  were  other  methods  of  obtaining  fire  between 
the  time  of  the  tinder  box  and  of  the  "  friction  match," 
as,  for  example,  the  one  that  schoolboys  love  to  practise, 
even  to-day,  of  using  reflectors  ("  burning  glasses  ") 
which  concentrate  the  sun's  rays  into  a  focus,  but  this 
method  was  only  to  be  depended  on  in  sunny  regions. 
It  was  very  common  in  the  Mediterranean  regions  and 
was  used  from  very  early  times  by  Romans,  Greeks 
and  Chinese.  It  is  mentioned  on  more  than  one  occa- 
sion in  the  classics.  For  example,  Archimedes  is 
said  to  have  set  fire  to  the  enemy's  ships  by  this  means. 


The  Virgins  of  the  Sun  in  Peru  are  said  to  have  used  a 
burning  glass  concealed  in  a  bracelet  to  kindle  the 
sacrificial  fires. 

The  fire  piston. 

In  certain  regions  during  the  latter  period  mentioned 
there  was  used,  and,  indeed,  is  used  to-day,  what  was 
probably  the  most  extraordinary  contrivance  ever  de- 
vised for  getting  fire,  namely,  a  fire  piston  or  fire 
cylinder.  This  was  a  small  cylinder,  into  which  a 
tightly-packed  piston  was  driven,  the  piston  having  a 
cavity  at  its  tip,  in  which  was  a  piece  of  tinder.  The 
piston  was  put  into  position  and  struck  downwards 
into  the  cylinder  sharply,  the  idea  being  that  the 
intense  heat  generated  upon  sudden  compression  was 
sufficient  to  fire  the  tinder.  (The  explanation  is  two- 
fold :  (1)  from  thermodynamic  considerations  an  adia- 
batic  compression  in  a  perfect  gas  results  in  an  evolu- 
tion of  heat ;  (2)  the  rapid  movement  of  any  viscous 
(real)  gas  produces  heat  by  internal  friction  between  the- 
molecules.)  It  would  seem  at  first  sight  almost  incon- 
ceivable that  this  apparatus  should  have  been  devised 
by  semi-savage  races,  such  as  those  in  South-East 
Asia,  Burma,  Siam,  the  Philippines,  Borneo,  Sumatra, 
and  those  regions.  But,  such  \v  as  the  case. 

Present  day  matches. 

(Explain  their  manufacture.) 

From  these  primitive  methods  we  pass  to  modern 
methods  of  fire  making,  all  of  which  are  chemical,  such 
as  the  phosphoric  taper  (1780),  the  phosphoric  box 
(1786) — neither  of  w:hich  had  a  long  life.  Then  came  a 
device  which  was  called  "  electro-phosphorus," 
patented  in  1800.  Then  followed  various  powders,  which 
took  fire  when  exposed  to  air,  but  none  of  them  was 
entirely  successful.  Many  improvements  were,  how- 
ever, made,  till  in  1828  the  "  Promethean  "  match 
was  invented,  and  in  1835  or  1840  the  earliest  "  friction 
matches  "  were  introduced,  followed  by  fusees,  vestas, 
and  others,  covered  by  hundreds  of  patents. 

So  we  come  by  interesting  stages  to  the  fire  making 
of  to-day. 

Supplementary  information. 

Reprints  of  two  interesting  lectures,  (1)  The 
Origin  and  History  of  Lighting  and  Heating,  by 
Edward  Lovett,  of  the  Folk-Lore  Society,  and  (2) 
Methods  of  Fire-making,  Ancient  and  Modern,  by 
Miller  Christy,  will  be  found  in  Appendices  A.  and  B. 
respectively. 


Combustion. — Generally  confined  to  oxidation,  but  note,  e.g.,  hydrogen  burning  in 
chlorine.— Origin  of  the  heat  in  combustion. — Elements  of  thermochemistry.  Heat 
of  Reaction. — Potential  energy  of  molecules. — Origin  of  energy  of  explosions.  TVo 
types  of  explosives  infra-molecular  and  inter-molecular.  Stable  and  unstable 
compounds.  Atomic  energy. — Endo-thermic  and  exo-thermic  reactions.  Effect  of 

temperature  on  these. 
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PART  I.— LESSON  14. 


COKE. 


Before  our  digression  upon  the  history  of  fire-making 
we  had  reached  the  point  of  having  mined  our  coal, 
brought  it  to  the  gas  works,  and  put  it,  either  by  hand 
or  machinery,  into  a  fireclay  retort  over  a  furnace 
heated  in  the  great  majority  of  cases  by  coke,  or 
occasionally  by  tar. 

Coke. 

(Show  samples.) 

One  ton  of  coal  leaves  a  residue,  after  distillation 
(or  carbonisation),  of  about  13  cwt.  of  coke,  and  from 
15  to  30  per  cent,  of  this  is  used  for  the  retort  furnaces, 
the  quantity  varying  according  to  the  size  of  the  works 
and  the  efficiency  of  the  management.  Speaking 
broadly,  for  each  ton  of  coal  carbonised  the  gas  manager 
has  lOcwt.  of  coke  for  sale. 

The  uses  of  coke. 

This  coke  is  a  very  valuable  fuel,  both  for  domestic 
and  for  trade  purposes.  It  can  be  used  to  great  advan- 
tage instead  of  coal  or  mixed  with  it  in  kitchen  ranges, 
in  ordinary  fire-places,  or  for  heating  boilers  to  supply 
hot  water — a  system  with  distinct  advantages  over  the 
ordinary  boiler  at  the  back  of  the  kitchen  fire. 

Coke  in  small  quantities. 

Coke  makes  a  smokeless,  clear  fire,  and  gives  more 
effective  heat  per  Ib.  than  does  coal  when  burned  in  an 
open  grate.  For  this  reason  it  is  becoming  increasingly 
popular,  and  to  make  it  easier  for  the  working  classes 
to  use  it,  many  gas  companies  now  supply  it  in  bags 
containing  281bs.  These  bags  are  fetched  in  large 
numbers  from  the  gasworks  by  children — often  with 
perambulators  or  go-carts,  especially  on  Fridays  and 
Saturdays. 

(Refer  to  own  school  heating  arrangements) . 

Coke  is  also  extensively  used  by  nurserymen  for  the 
heating  of  greenhouses;  for  heating  central  furnaces 
for  the  warming  of  schools,  churches  and  other  large 
institutions  by  means  of  hot  water  or  steam  circulated 
through  the  buildings;  for  the  firing  of  bakers'  ovens; 
for  grills  in  restaurants;  in  the  heating  of  cement  manu- 
facturers' kilns;  and  in  many  other  industrial  processes 
where  cheap  (and  smokeless)  solid  fuel  is  required. 

Coke  for  steam  raising. 

Coke  can  also  be  used  as  a  fuel  for  steam  raising, 
and  is  increasingly  being  so  used.  It  can  be  burned 
either  alone  or  in  conjunction  with  low  grade  coal  or 


coal  slack  on  the  patent  Sandwich  system,  by  means 
of  which  the  two  fuels  are  fed  into  the  furnace  in 
layers,  the  coke  being  underneath  and  the  coal  or  coal 
slack  superimposed  upon  it.  This  arrangement  provides 
efficient  combustion,  reduces  the  expenditure  of  coal, 
and  mitigates  the  smoke  nuisance. 

How  to  burn  coke. 

Having  in  it  very  little  of  the  easily  ignited  gaseous 
matter  found  in  coal,  for  this  is  largely  extracted  in  the 
process  ot  carbonisation,  coke  until  recently  required  a 
certain  amount  of  coal  (or  gas)  for  its  ignition,  and 
more  draught  for  keeping  it  burning  freely  and  brightly 
than  was  necessary  with  coal.  It  was  therefore  most 
successfully  used  in  closed  stoves  or  in  furnaces  which 
create  a  strong  draught  when  once  lighted. 

Lately,  however,  a  reliable  domestic  grate  has  been 
designed  which  burns  coke  efficiently  and  cheaply  and 
makes  possible  a  really  attractive  coke  fire  in  the  living 
rooms  of  private  houses.  The  success  of  this  new  grate 
is  due  partly  to  its  construction,  which  allows  of  more 
draught  than  was  usual  in  older  models  of  coal  grates, 
and  partly  to  the  fact  that  it  is  now  possible  to  obtain 
a  superior  quality  of  coke  from  gas  works.  Further 
illustrated  information  on  the  most  recent  improve- 
ments in  coke-burning  grates  may  be  obtained  by 
teachers  who  are  interested  from  the  publishers  of  this 
volume. 

Retort  carbon. 

(Explain  the  electric  arc  to  older  students.) 

The  only  other  residual  product  left  in  the  retort  after 
the  gas  has  been  distilled  from  the  coal  is  "  retort 
carbon,"  small  quantities  of  which  (produced  as  a  result 
of  the  pressure  set  up  in  the  retort)  adhere  to  the  sides 
of  the  retorts  and  have  to  be  removed  periodically. 
This  carbon  is  largely  used  for  making  the  carbon  rods 
required  in  electric  arc  lamps. 

Having  noted  what  remains  in  the  retort  after  the 
process  of  carbonisation  is  completed  to  the  degree 
usually  practised  in  gasworks — it  could  be  carried  still 
further,  but  this  would  be  at  the  cost  of  depreciating 
seriously  the  coke  residuum  without  a  corresponding 
gain  in  the  production  of  gas,  tar  and  sulphate  of 
ammonia — we  now  have  to  consider  what  passes  out 
of  the  retort  through  the  ascension  pipe  into  the 
"  hydraulic  main  "  which  runs  around  the  retort  house 
above  the  benches ;  the  processes  through  which  it 
passes  before  being  sent  out  to  the  public ;  and  the  other 
residual  (or  by-)  products  which  are  obtained  in  the 
course  of  these  further  processes  of  gas  manufacture. 


Structure   of  coke. — Practical   requirements.     Density,  strength,  porosity,   etc. — Cell 

structure. — Deposition    of    carbon. — Cause    of   swelling. — Stages    of  production.— 

Different  reactions  of  typical  bitumens. 
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PART  I.— LESSON  15. 


FROM  RETORT  TO  GASHOLDER. 


From  retort  to  gasholder. 

Between  the  retort  and  the  gasholder  (often,  though 
erroneously,  called  the  gasometer),  which  is  such  a 
conspicuous  object  in  all  towns  and  cities,  the  gaseous 
matter  which  leaves  the  retort,  laden  with  aqueous  and 
tarry  vapours,  passes  through  the  following  apparatu 
and  processes  and  yields  the  undermentioned  residual 
products : — 

Cooling  the  gas. 

(Explain  meaning  of  condensation  and  illustrate  effect  of 
temperature  on  aqueous  vapour  by  reference  to  clouds 
and  rain.) 

1.  From  the  retort  the  gas  passes  up  the  ascension 
pipe   through   the  hydraulic  main  to  and   through   the 
condenser,  which  consists  of  numbers  of  pipes  of  con- 
siderable diameter,  exposing  a  large  area  to  the  cooling 
influence  of  the  atmosphere  (see  Figs.   VI.  and  VII.  in 
Lesson     17).        In     this     passage     the     gas     becomes 
slowly  cooled  down  and,  as  a  consequence,  the  aqueous 
vapour    condenses    into   water,    which   is    considerably 
charged  with  ammonia,  and  then  absorbs  sulphuretted 
hydrogen  and  carbonic  acid  from  the  gas ;  whilst  the 
heavier  tarry  vapours   (or  heavy   "  hydrocarbons,"   as 
they   are   technically   called)   condense  into  tar.        The 
ammoniacal  liquor  (as  the  water  charged  with  ammonia, 
sulphuretted   hydrogen  and  carbonic  acid   is  called)   is 
drained    off   into   one    underground    tank    and    the   tar 
into  another,  this  being  rendered  easy  by  the  fact  that 
tar   is  much    heavier   than    water,    its    specific   gravity 
being  about  1'2  (water=l). 

Tar.         (Show  samples.) 

The  uses  of  tar  and  the  products  obtainable  by  its 
distillation  will  be  described  later  on.  The  average  yield 
of  tar  is  about  1201bs.  (  =  about  10  gallons)  per  ton  of 
coal  carbonised. 

Washing  out  ammonia. 

2.  After  the  condenser  the  gas  passes  through  the 
exhauster  into  the  washer,  where  water  is  used  partly 
to     absorb     ammonia    and    other   impurities    from    the 
gas     and     partly     to    condense    the    remaining     tarry 
vapours  that  have  escaped  the  action  of  the  condenser. 
The  exhauster  is  in  principle  a  pump  driven  by  a  steam 
engine,    and   designed   to  draw   off   the  gas   from   the 
retorts  and  so  reduce  the  pressure  that  would  otherwise 
exist  in  them  and  hinder  the  process  of  distillation. 

3.  After  passing  through  the  condenser,  exhauster 
and  washer,  the  gas  then  passes  through  a  scrubber, 
where    the    process    of    extracting    the    ammonia    and 
sulphuretted      hydrogen      by      the      absorptive     action 
of    water    is    completed.       Water    has    a    very    strong 
affinity  for  ammonia,  being  capable  of  dissolving  nearly 
800  times  its  own  volume  of  ammoniacal  gas ;  whilst 
ammonia   has  a   strong-   affinity   for   the  chief   sulphur 
compounds  in  gas  (see  Figs.   VIII.  and  IX.  in  Lesson 
18). 

The  use  of  ammoniacal  liquor. 

The  ammoniacal  liquor  produced  as  a  result  of  these 
washings  of  and  condensations  from  the  gas — amount- 


ing in  all  to  about  30  gallons  per  ton  of  coal  carbonised 
— is  used  for  the  manufacture  of  sulphate  of  ammonia, 
muriate  of  ammonia,  nitrate  of  ammonia,  and  other 
residual  products,  which  will  be  enumerated  and  ex- 
plained presently. 

Cyanogen. 

Another  product  of  the  washing  of  gas,  if  this  be 
done  with  a  solution  of  an  iron  salt,  either  in  the 
ordinary  washers  or  in  a  special  scrubber,  is  cyanogen 
liquor,  the  cyanogen  (derived,  like  the  ammonia,  from 
the  nitrogen  in  the  coal  and  existing  in  the  gas  as 
hydrocyanic  acid)  being  arrested  in  the  form  of  ferro- 
cyanide,  or  yellow  prussiate,  of  potash.  The  commercial 
products  obtained  from  cyanogen  liquor  will  be  men- 
tioned later. 

The  purification  of  the  gas. 

4.  From  the  scrubber  the  gas  passes  into  the 
purifier  (see  Fig.  X.  in  Lesson  19)  for  the  removal 
of  the  great  bulk  of  the  carbonic  acid  and  the  sulphur 
compounds — principally  sulphuretted  hydrogen  and 
bisulphide  of  carbon — which  it  contains. 

This  work  of  purification  is  effected  in  large  iron 
vessels  containing  grids  laden  either  with  slaked  lime 
(hydrate  of  lime),  or  hydrated  peroxide  of  iron,  or  a 
combination  of  both. 

(Show  example  of  Lime.) 

Lime  =  oxide  of  calcium,  obtained  from  limestone 
(or  carbonate  of  lime)  by  heating  in  kilns.  Hydrate  of 
lime  =  one  part  of  water  to  three  parts  of  lime. 

Hydrated  peroxide  of  iron  is  found  in  the  bogs  of 
Ireland!  as  bog  iron  ore.  It  is  also  obtained  as  a  waste 
product  of  various  processes  of  the  manufacturing 
chemist.  In  the  purifier  the  oxide  of  iron  becomes 
sulphide  of  iron,  which  on  exposure  to  the  air  takes 
up  oxygen  and  deposits  free  sulphur  in  the  mass  and 
can  then  be  used  again.  When  it  has  been  charged  and 
re-vivified  again  and  again,  until  it  contains  about  50 
per  cent,  of  sulphur,  it  is  sold  to  the  manufacturing 
chemist  for  the  value  of  the  sulphur. 

Other  methods  of  gas  purification  have  been  and  are 
being  tried,  but  need  not  be  described  here.  The  object 
of  them  all  is  to  remove  the  carbonic  acid  from  the  gas, 
to  eliminate  entirely  the  sulphuretted  hydrogen,  and  to 
reduce  the  amount  of  other  sulphur  impurities  to  a 
negligible  quantity. 

Where  gas  fuel  is  superior  to  coal. 

It  may  be  mentioned  here  that  one  great  advantage 
obtained  from  the  use  of  gas  for  fuel  in  our  homes  and 
factories,  instead  of  coal,  is  that  in  the  one  case  prac- 
tically the  whole  of  the  sulphur  in  the  coal  is  extracted 
at  the  gas  works,  whilst  in  the  other  the  whole  is  dis- 
charged into  the  air  of  our  towns  and  cities,  doing  much 
damage  to  vegetation,  buildings,  decorations,  etc., 
whilst  the  accompanying  smoke  greatly  diminishes  the 
hours  of  sunshine.  This  is  particularly  noticeable  in 
"  the  Black  Country,"  but  it  is  also  observable  in  all 
towns  and  cities. 
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PART  I.-LESSON    16. 


THE  GASHOLDER. 


The  gasholder. 

5.  From  the  purifier  the  gas  passes  through  the 
station  meter,  which  records  the  quantity  made,  into 
the  gasholder,  ready  for  distribution  and  sale  to  the 
public.  (Meters  will  be  described  when  we  come  to 
the  question  of  measuring  the  amount  of  gas  used  by 
the  consumer.) 

(Ask  children  to  describe. 
Show  picture) 

The  familiar  gasholder  (see  Figs.  XI.  and  XII.  in 
Lessons  19  and  20)  is  a  circular  sheet  iron 
apparatus,  closed  at  the  top  by  a  well-trussed  crown 
or  roof,  but  open  at  the  bottom,  which  is  sealed  by  being 
submerged  in  a  tank  of  water,  generally  underground, 
though  sometimes  built  above  the  ground  level.  The 
holder  is  usually  kept  in  position  by  wheels  which  run 
on  the  columns  by  which  it  is  surrounded. 

(Explain  with  aid 
of  telescope.) 

Large  gasholders  are  made  in  several  sections  (or 
"  lifts  ")  which  telescope  one  inside  the  other,  the  joint 
between  each  two  lifts  being  water-sealed.  The  largest 
gasholders  when  filled  to  their  greatest  capacity  contain 
as  much  as  12  million  cubic  feet  of  gas.  It  is  usual  to 
provide  a  works  with  gasholder  capacity  equal  to  about 
24  hours'  maximum  production  of  gas. 

The  purposes  served  by  the  gasholder. 
A  continuous  process. 

(Explain  meaning  of  "Capital"  and 
its  relation  to  cost.) 

The  gasholder  serves  two  purposes.  By  affording 
a  storage  place  for  gas  when  it  is  being  made  at  a 
more  rapid  rate  than  it  is  being  used,  and  a 
stock  of  gas  for  use  when  the  consumption  is  at  a 
greater  rate  than  the  manufacture,  the  gasholder  en- 
ables the  process  of  gas  making  to  be  continuous,  day 
and  night,  at  a  rate  that  has  only  to  be  varied  as  the 
hours  of  daylight  and  the  temperature  change  materi- 
ally. Three  shifts  of  men  can  be  employed,  and  this 
continuous  working  of  the  plant  naturally  reduces  the 


amount  of  capital  that  has  to  be  employed  for  the 
production  of  a  given  annual  sale  of  gas,  and  so  reduces 
the  cost  to  the  consumer. 

Pressure  for  distribution. 

In  this  respect  the  maker  of  gas  is  at  a  great  advan- 
tage over  the  supplier  of  electricity,  as  no  economicai 
means  of  storing  up  large  quantities  of  electrical  energy 
has  yet  been  discovered,  and  so  the  amount  of  generat- 
ing plant  that  has  to  be  installed  in  an  electrical  station 
is  in  relation  to  the  maximum  hourly  output,  instead  of, 
as  in  a  gas  works,  to  the  average  hourly  output. 

The  gasholder  serves  the  second  purpose  of  giving, 
by  its  weight,  sufficient  pressure  to  the  gas  to  enable 
it  to  be  distributed  rapidly,  and  at  an  even  pressure, 
throughout  the  district  to  be  supplied.  It  therefore 
plays  as  prominent  a  part  in  gas  works  organisation 
and  equipment  as  it  does  in  the  landscape  of  the  neigh- 
bourhood. (But  see  note  and  Lessons  21  and  22). 

Having  now  traced  our  primary  product,  gas,  from 
the  coalfield  to  the  gasholder,  washed  and  purified,  ready 
for  testing  and  then  for  sale  to  the  consumer,  we  may 
take  fuller  note  of  the  by-products  that  have  been 
obtained  in  the  process,  which  we  have  briefly  noted 
in  passing,  and  which  provide  a  very  substantial  set-off 
against  the  gross  cost  of  gas  manufacture. 

The  net  cost  of  gas  manufacture  varies  materially 
according  to  two  big  factors,  one  the  comparative 
proximity  of  the  gasworks  to  the  coalfields,  and  the 
other  the  character  of  the  district  (whether  residential 
agricultural  or  industrial),  on  which  depends  the  prices 
obtained  locally  for  the  by-products.  These  factors 
need  to  be  taken  into  account  when  any  comparisons 
are  made  between  the  prices  of  gas  in  different  towns 
or  districts. 

NOTE. — It  is  frequently  convenient  to  state,  as  in  the  text,  that  the  pressure 
in  the  mains  is  given  to  the  gas  by  the  holder;  and  when  the  holder  is 
simply  being  exhausted  and  has  no  connection  open  with  the  manufacturing 
plant,  this  is  literally  true.  It  should  be  clearly  understood,  however,  that 
the  final  source  of  the  mechanical  energy  of  the  system  is  the  exhauster. 
If  the  gas  on  entering  the  holder  were  at  atmospheric  pressure  and  there 
were  no  means  of  supporting  a  greater  pressure  by  means  of  an  exhauster, 
no  more  gas  would  enter  the  holder  but  it  would  be  expelled  backwards 
through  the  retorts  by  the  weight  of  the  holder,  however  small.  This  follows 
from  tha  fact  that  the  holder  can  only  rise  because  the  pressure  inside  is 
greater  than  outside  (see_  Appendix  D).  To  support  this  greater  pressure 
(quite  apart  from  the  friction  of  the  purifiers)  an  exhauster  is  necessary, 
and  the  weight  of  the  holder  only  measures  the  pressure  necessary  if  the 
nolder  is  to  be  filled. 


Net  price  of  coal.     Figures    of   recent   years. — Conditions  for  coke    selling    and 
prices. — Sulphate  of  Ammonia  Supplies. 
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PART  I.- LESSON  17. 


NOTE  TO  TEACHER The  next  few  insertions  in  this  series  will  contain   drawings,  suitable  for 

reproduction   on   the  blackboard,   illustrating  various  points  in  the  Notes  for  Lessons  that  have  already 

appeared. 

USE  OF  GAS  CONDENSERS. 


BLACKBOARD. 
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Fig.   VI. 


Fig.  VII. 


CONDENSERS.     (See  Lesson  15.) 


When  the  gas  leaves  the  hydraulic  main  (Figs. 
IV.  and  V.)  it  passes  to  the  cooling  apparatus,  or 
condensers.  These  consist  of  specially  arranged 
pipes  exposing  a  large  surface  to  the  surrounding  air, 
so  that  the  heat  of  the  gas  can  readily  pass  away. 

Fig.  VI.  shows  a  form  of  condenser.  It  con- 
sists of  a  series  of  columns  (only  two  are  shown) 
through  which  the  gas  passes  in  the  direction  of 
the  arrows.  A  pipe  (a}  passes  through  the  centre 
of  each  column,  so  that  a  current  of  air  can  pass 
through,  thus  providing  internal  as  well  as  external 
cooling  surface. 

The  cooling  of  the  gas  causes  tarry  and  watery 


fluids  to  separate,  and  these  drain  into  the  tank 
(b)  at  the  bottom,  whence  they  are  led  off  into 
large  underground  tanks  for  storage.  The  dividing 
plate  (c)  prevents  the  gas  from  taking  a  "  short 
cut,"  and  compels  it  to  travel  as  shown  by  the 
arrows.  These  cooling  columns  may  be  from  15 
to  20  feet  high. 

Another  method  of  cooling  is  shown  in  Fig. 
VII.  Here  the  gas  traverses  a  zig-zag  pipe,  and 
is  thereby  cooled  and  relieved  of  its  condensable 
matter.  Water  is  sometimes  sprayed  on  the  pipes 
to  accelerate  the  cooling  action,  especially  in  warm 
weather. 


PART  I.— LESSON  18. 


SCRUBBERS   AND    WASHER-SCRUBBERS, 


BLACKBOARD. 

(See  Lesson  15.) 

as 
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Fig.  VIII. 


From  the  condensers  the  gas  is  passed  to  tall  cylindrical  towers  called  scrubbers  (see  Fig.  VIII.),  about  50  feet  high  and 
10  to  15  feet  in  diameter.  They  are  divided  into  a  series  of  spaces  (four  are  shown  in  sketch)  by  perforated  trays  (a),  the 
spaces  being  filled  with  coke.  A  water-spraying  machine  is  fitted  at  the  top  to  keep  the  coke  wet ;  the  water  when  it  reaches 
the  bottom  charged  with  impurities  extracted  from  the  gas  is  called  liquor  and  contains  substances*  ultimately  converted  into 
valuable  by-products.  The  vertical  arrows  represent  the  gas  ascending  through  the  scrubber,  where  it  conies  into  contact  with 
the  extensive  wetted  surfaces  of  the  coke.  The  inlet  pipe  (6)  is  covered  with  a  sort  of  umbrella,  so  that  the  descending 
water  cannot  fall  into  it. 

The  washer-scrubbers  through  which  the  gas  next  passes  are  horizontal  cylindrical  vessels  containing  wet  rotating  surfaces. 
Fig.  IX.  shows  two  sections  only,  but  the  actual  apparatus  contains  ten  or  more  sections.  The  outer  cylinder  (a  ...  a) 
consists  of  cast-iron  sections  put  together  somewhat  like  the  familiar  tube  railways.  The  plates  (b  ...  b)  which  divide 
the  cylinder  into  sections  are  also  of  cast-iron,  and  have  a  hole  in  the  centre. 

In  each  section  bundles  of  thin  wood  lath  (represented  by  the  parallel  lines)  made  up  almost  exactly  to  fit  the  section  are 
arranged,  and  connected  to  an  axle  passing  right  through  the  centre  of  the  whole.  For  simplicity  this  axle,  which  is  rotated 
by  an  engine,  is  not  shown,  but  it  corresponds  in  position  with  the  dotted  line  (c  .  .  .  c).  The  lower  part  of  the  apparatus 
contains  water,  so  that  the  rotating  wood  lath  bundles  are  continually  wetted.  The  gas  passes  over  these  in  the  manner  shown 
by  the  dotted  zig-zag  line  (d  .  .  .  d),  and  is  therefore  very  thoroughly  cleansed. 

The  water  is  replenished  as  it  gets  charged  with  impurities  from  the  gas,  and  the  gas  leaving  the  washer-scrubber  is 
brought  into  contact  with  perfectly  clean  water.  The  foul  water  is  put  with  that  obtained  from  the  scrubbers,  condensers  and 
hydraulic  main,  the  whole  forming  the  gasworks  liquor. 


PART  I.— LESSON  19. 


PURIFIERS   AND  GASHOLDERS, 


BLACKBOARD. 

(See  Lessons  15  and  16.) 
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Fig.    X. 


Fig.  XI. 

The  gas  is  now  led  to  the  purifier,  shown  in  section  (see  Fig.  X.).  This  is  usually  a  shallow  square  vessel  of  cast  iron 
built  on  brickwork  pillars,  to  give  access  to  the  bottom.  All  round  it  outside  is  a  narrow  water  channel  (a)  formed  by 
making  the  purifier  with  a  double  case  about  3  feet  deep  ;  the  water  in  this  serves  to  seal  the  cover.  As  the  sketch  shows, 
the  sides  of  the  cover  dip  into  the  water,  so  that  it  is  impossible  for  gas  to  escape  from  the  purifier. 

The  depth  of  the  purifier  is  divided  into  three  or  four  spaces  (four  are  shown)  by  perforated  trays  (e)  upon  which  is 
placed  the  purifying  material  (shown  by  shading).  This  is  either  slaked  lime*  or  hydrated  oxide  of  iron,  or  both.  The 
gas  passes  through  in  the  direction  of  the  arrows  spreading  itself  over  the  whole  area  of  the  material.  The  "  umbrella" 
(d)  deflects  the  stream  of  gas  so  as  to  prevent  it  from  taking  a  preferential  and  short  course  through  the  material. 

Four  or  six  such  purifiers  are  usually  used,  the  gas  passing  through  them  in  series.  Valves  are  provided  so  that  the  flow 
of  gas  can  be  diverted  or  shut  off  as  is  necessary  when  the  purifying  material  is  exhausted  and  needs  renewal.  The  cover  (b) 
can  be  lifted  off  by  means  of  a  winch  or  hoisting  gear,  so  that  the  workmen  can  enter  the  purifier  and  replace  the  material. 

The  purified  gas  is  next  directed  to  the  gasholder,  or  gasometer,  as  it  is  sometimes  called  because  in  addition  to  pro- 
viding storage  capacity  it  provides  means  of  ascertaining  the  volume  of  the  gas.  The  gasholder  (shown  in  Fig.  XI.)  consists 
of  a  large  cylindrical  vessel  made  of  thin  iron  plates  riveted  together.  The  top  is  covered  by  a  curved-shaped  crown. 

The  dotted  line  represents  the  centre  line  of  the  holder  ;  the  right-hand  half  (not  shown)  is  exactly  the  same  as  the  left. 
(/)  is  one  of  a  series  of  fixed  columns  arranged  at  intervals  all  round  the  gasholder,  intended  to  guide  it  in  its  upward  and 
downward  movements.  Rollers  or  small  wheels  are  fitted  to  the  holder  and  bear  against  the  columns  (/). 

(j)  represents  the  ground,  and  corresponds  to  the  top  of  the  tank,  the  latter  being  usually  entirely  in  the  ground, 
although  sometimes  it  is  extended  above  ground  level  by  means  of  iron  or  steel  plates. 

*  But  see  Note  to  Lesson  2. 


PART  I— LESSON  20. 


GASHOLDERS— continued. 


BLACKBOARD. 


Fig.  XII. 


gas 


The  gasholder  is  built  into  a  large  circular  tank,  deep  enough  to  receive  the  whole  of  it.  and  the  tank  is  filled  with  water.      The 
is  led  through  a  pipe  (b)  (see  4  of  Fig.  XII),  and  exerts  a  pressure  on  the  crown  (c) ;  this  causes  the  holder  to  rise,  the  space  (d) 


then,  of  course,  containing  gas.      [NOTE — In  these  sketches,  in  order  to  save  space,  only  the  left  of  the  holder  is  shown.] 

So  long  as  gas  enters,  the  holder  continues  to  rise,  (d)  is  known  as  the  top  lift,  and  is  turned  up  so  as  to  form  a  channel  all 
round  the  bottom  edge.  As  the  top  lift  (d)  rises,  this  channel  comes  into  contact  with  the  second  or  lower  lift  (e)  (see  2,  Fig.  XII.)  If 
the  gas  continues  to  flow  into  the  holder,  the  top  lift  will  continue  to  rise,  and  will  carry  the  lower  lift  with  it  (e)  (see  1,  Fig.  XII.). 

Fig.  XII.,  read  from  left  to  right,  shows  the  various  stages  in  the  descent  of  the  holder.  Ultimately  the  two  lifts  (e)  and  (4) 
come  to  rest  on  a  series  of  stones  (of  which  (g)  is  one)  at  the  bottom  of  the  tank  (a),  when  the  holder  is  said  to  be  discharged.  The 
gas  passes  out  through  the  pipe  (h).  In  1,  Fig.  XII.,  the  holder  is  shown  to  be  fully  inflated,  and  it  will  be  seen  that  the  channel  at 
the  lower  edge  of  the  top  lift  (d)  is  full  of  water,  which  makes  an  effective  gas-tight  joint  between  the  two  lifts.  It  will  be  seen  from 
2  that  this  channel  is  always  full  of  water  when  it  rises  above  the  level  of  the  water  in  the  tank. 

The  largest  gasholder  ever  made  has  a  capacity  of  12  million  cubic  feet,  and  has  six  lifts. 

To  support  the  weight  of  the  holder  the  pressure  inside  must  be  greater  than  that  outside.  Hence  the  level  of  the  water  to  the 
right  is  lower  than  that  to  the  left  of  the  line  (d)  (see  Appendix  D).  Since  this  is  only  a  few  inches  of  water  (see  Lesson  22)  it  is 
not  shown  on  the  small  scale  of  the  diagram. 


PART  I.- LESSON  21. 


THE   EXHAUSTER. 


BLACKBOARD. 


I 

Fig.  XIII. 


Figs.  IV.  to  XII.  show  various  kinds  of 
apparatus  through  which  the  gas  must  pass 
during  its  manufacture  and  purification.  To 
overcome  the  resistance  of  all  these  appliances 
it  is  necessary  to  force  the  gas  along  by  means 
of  a  pumping  machine  called  an  exhauster  (see 
Fig.  XIII.)  It  is  usually  placed  immediately 
after  the  condensing  apparatus  and  before  the 
scrubbers,  and  consists  of  an  outer  cylindrical 
case,  from  two  to  four  feet  in  diameter,  which 
the  gas  enters  at  (d)  and  leaves  at  (b).  Inside 
is  another  and  smaller  cylinder  (c),  which  has 
a  slit  along  almost  its  entire  length,  into  which 
is  fitted  the  iron  plate  («).  The  cylinder  (c)  is 
rotated  about  its  axis  by  means  of  an  engine, 


and  carries  with  it  the  plate  (e}  which  can  slide 
freely  through  the  cylinder  (c).  There  is  there- 
fore never  any  free  communication  between  (i) 
and  (d).  The  figure  is  of  course  purely  dia- 
grammatic. It  will  be  seen  that  if  the  plate  (e) 
is  rotated  in  the  direction  of  the  arrow  (/), 
gas  is  drawn  in  on  the  left  through  >d)  and 
expelled  on  the  right  through  (4).  By  the  con- 
tinuous rotation  of  the  drum  (c)  gas  is  continu- 
ously drawn  from  the  condensers  through  (d) 
and  expelled  through  (b)  to  the  scrubbers.  In 
this  way  the  gas  is  given  sufficient  pressure 
to  overcome  the  frictional  resistance  of  the 
scrubbers,  washer  scrubbers  and  purifiers, 
and  also  the  weight  of  the  gasholder. 


PART  L— LESSON  22. 


GAS    WORKS    PLANT 


BLACKBOARD. 


Fig.  XIV. 
Fig.  XIV.  shows  the  various  parts  of  the  gas  works  plant  assembled  for  the  purposes  of  gas  manufacture. 


Taking  the  parts  in  the  proper  sequence,  we  have — 

(a)  The  retort  and  furnace,  hydraulic  main  and 

connecting  pipes  (see  Figs.  IV.  and  V.  for 
details). 

(b)  The    condensers    for    cooling    the   gas    (see 

Figs.  VI.  and  VII.   for  details). 

(c)  The  exhauster  for  propelling  the  gas  against 

the  resistance  offered  to  its  passage  through 
the  various  parts  of  the  plant  (see  Fig. 
XIII.  for  details). 


(d)  The   scrubber   for   removing  ammonia,    sul- 

phuretted hydrogen  and  carbonic  acid  im- 
purities (see  Fig.  VIII.  for  details). 

(e)  The  washer-scrubber  for  effectively  complet- 

ing the  work  of  the  scrubber  (see  Fig.  IX. 
for  details). 

(/)  The  purifier  (see  Fig.   X.  for  details). 

(g)  The  gasholder  (see  Figs.   XI.  and  XII.  for 
details). 


In  order  to  give  a  general  idea  of  the  pressure  conditions  throughout  the  system,  the  following  figures  may 
be  used,  but  it  must  be  understood  that  they  will  not  correspond  exactly  with  the  very  variable  conditions  to 
be  found  in  different  parts  of  the  country  (see  Lesson  32  and  Appendix  D)  :— 

In  the  Retorts  there  is  an  atmospheric  pressure,  or  slight  pull. 
The  pull  increases  up  to  (say)  4"  at  the  Exhauster  inlet. 
At  the  Exhauster  outlet  there  is  (say)  30"  pressure. 

Nearly  the  whole  of  this  is  expended  (1)  in  the  dry  purifying  (say  12")  and  (2)  in  supporting  the 
holder  (say  8"). 


PART  I.— LESSON  23. 


BY-PRODUCTS   OF   GAS    MANUFACTURE. 


The  primary  residual  products 
of  gas  manufacture. 

The  primary  by-products  of  gas  making,  as  we  have 
seen,  are  coke,  tar,  ammoniacal  liquor  and  cyanogen 
liquor. 

Coke  is  used  as  produced,  or  after  being  broken  to 
a  smaller  size;  and  a  good  deal  of  tar  is  also  used  in 
its  crude  state.  But  a  large  amount  of  tar  is  subjected 
to  distillation,  as  a  result  of  which  many  very  valuable 
products  are  obtained ;  whilst  all  the  ammoniacal  and 
cyanogen  liquors  have  to  be  chemically  treated  to  obtain 
the  useful  materials  which  they  are  capable  of  yielding. 
Some  of  these  subsidiary  by-products  of  gas  manufac- 
ture are  indicated  in  the  following  list,  which  shows  the 
principal  commodities  produced  at  the  chemical  works 
of  the  Gas  Light  and  Coke  Company  at  Beckton. 

The  secondary  residual  products 
from    gas    manufacture     and 
the   purposes   for  which   they 
are  used  commercially. 

(Show  examples  of  tar,  pitch,  etc.) 

(This  list  wili  enable  the  teacher  to 
explain  the  extraordinary  part 
which  coal  plays  in  our  daily 
life,  quite  apart  from  its  use 
as  a  fuel  in  its  crude  state. 
Means  of  illustrating  such  an 
explanation  will  occur  to  every 
teacher.) 

1.     TAR   PRODUCTS. 

Solvent  Naphtha. — Used  in  the  manufacture  of  water- 
proof fabrics,  and  as  a  solvent  for  indiarubber. 

Pure  Benzol. — A  solvent  for  waxes,  fats,  sulphur,  phos- 
phorus, iodine  and  gutta  percha ;  also  used  in  the 
manufacture  of  aniline  dyes. 

Pure  Toluol. — Partly  a  solvent;  also  used  in  the  manu- 
facture of  aniline  dyes,  and  of  the  now  well-known 
high  explosive  tri-nitro-toluol  (T.N.T.). 

Benzol. — A  solvent  for  waxes,  fats,  etc.  ;  also  used  for 
driving  motor  cars  instead  of  petrol. 

Sharp  Oil. — Used  in  lampblack  and  soluble  creosote 
manufacture,  and  also  as  a  fuel. 

Creosote,  Liquid. — Used  as  a  fuel,  and  for  the  manufac- 
ture of  soluble  creosote. 

Creosote,  Ordinary. — Used  for  the  manufacture  of 
naphthalene,  and  also  for  pickling  timber,  such  as 
that  used  to  make  railway  sleepers.  It  acts  as  a 
preservative  against  the  action  of  water. 

Creosote,  Salts. — Used  for  the  manufacture  of  pure 
naphthalene. 

Naphthalene,  Various  Forms. — Used  in  the  manufac- 
ture of  dye-stuffs,  and  for  preserving  skins,  furs, 
etc.  It  is  an  excellent  moth  preventive. 

Carbolic,  Miscible. — Used  as  a  very  valuable  disin- 
fectant in  hospitals,  lavatories,  sick-rooms,  etc. 

Creosote,  Soluble. — Used  for  cleaning  and  disinfecting 
(especially  in  cold  climates)  and  for  making  sheep 
dip. 

Bectol. — A  valuable  disinfectant. 


Carbolic  Acid,  Crude. — Used  as  a  disinfectant;  also  in 
the  preparation  of  picric  acid. 

Liquid  Carbolic  Acid. — Used  in  the  preparation  of 
soluble  creosote,  sheep  dip,  etc. 

Carbolic  Acid  Crystals. — Used  for  antiseptic  purposes 
and  for  the  preparation  of  picric  acid;  also  used 
in  the  manufacture  of  salicylic  acid  and  soap. 

Carbazol. — Used  in  the  manufacture  of  dyes. 

Green  Oil. — A  constituent  of  wagon  grease,  and  also 
used  as  a  fuel. 

Anthracene  Oil. — Used  in  the  manufacture  of  anthra- 
cene. 

Anthracene. — Used  in  the  manufacture  of  alizarin,  from 
which  are  made  alizarin  dyes. 

Crude  Bases. — Employed  for  making  pyridine,  lutidines, 
etc. 

Pyridine. — Principally  used  for  denaturising  alcohol. 

Nitro-Benzol. — Employed  in  the  production  of  aniline; 
sometimes  used  as  perfume. 

Aniline. — Employed  in  the  manufacture  of  the  famous 
aniline  dyes. 

pitch. — Used  for  making  briquettes  for  fuel,  and 
asphalt ;  also  for  coating  electrical  cables,  etc. 

Refined  Tar. — Used  for  tarring  rough  woodwork,  roof- 
ing felts,  and  for  asphalt. 

Dehydrated  Tar. — Largely  used  for  the  tarring  of  roads 
to  prevent  the  formation  and  rising  of  dust  since 
the  introduction  of  motor  cars. 

2.     AMMONIACAL  LIQUOR  PRODUCTS. 

Ammonia,  Liquid,  Specific  Gravity  -880. — Used  in  the 
preparation  of  ammonia  salts,  and  for  toilet  and 
cleaning  purposes. 

Ammonium  Carbonate. — Used  for  the  manufacture  of 
smelling  salts,  etc. 

Ammonium  Chloride  Crystals  (Muriate  of  Ammonia). 
— Used  in  galvanising,  calico  printing  and  for 
electric  batteries. 

Ammonium  Sulphate  (or  Sulphate  of  Ammonia). — This 
salt  is  a  constituent  of  artificial  manures,  which  play 
a  most  important  part  in  agricultural  and  horticul- 
tural work.  It  is  also  largely  used  in  the  prepara- 
tion of  liquid  ammonia,  alum,  and  in  the  ammonia 
soda  process. 

Ammonium  Nitrate. — Much  used  in  the  preparation  of 
nitrous  oxide  gas  and  explosives. 

Anhydrous  Ammonia. — Largely  used  for  refrigerating 
purposes. 

3.     CYANOGEN   LIQUOR   PRODUCTS. 

Prussiate  of  Potash,    Yellow. — Used  for  the  manufac- 
ture of  Prussian  blue  and  potassium  cyanide. 
Prussiate  of  Soda,   Yellow — Used  for  the  manufacture 
of  Prussian  blue  and  sodium  cyanide. 

Potassium  Cyanide — Used  in  gold  extracting  and  silver 

plating. 
Sodium  Cyanide. —  Used  in  gold  extracting  and  silver 

plating. 
Hatchet    Brown — Largely    used   in    artistic    and   mural 

decorative  work. 
Various     Preparations     of    Prussian     Blue.  —  Used     for 

making  printing  inks. 
Cyanogen  Purple  Solution. — A  new  pigment. 


23 


PART  I.— LESSON  24. 


THE  USES  OF  BY  PRODUCTS. 


The  part  played  in  domestic  and 
industrial  economy  by  the 
residual  products  of  gas. 

Having  given  this  list  of  the  principal  secondary  by- 
products of  gas  manufacture  —  obtained  from  the 
primary  by-products,  viz.,  tar,  ammoniacal  liquor  and 
rv.mogen  liquor,  a  brief  account  of  the  processes  of  tar 
distillation  and  the  manufacture  of  aniline  dyes  and 
sulphate  of  ammonia  must  next  be  considered.  This 
list,  which  tabulates  some  of  the  varied  commercial 
and  medicinal  uses  to  which  those  secondary  by- 
products (and  the  further  materials  obtained  from  them) 
are  put,  makes  it  so  clear  that  these  multifarious  pro- 
ducts of  coal  play  a  very  important  part  in  our  domestic 
and  industrial  economy,  that  it  will  be  of  interest  to  give 
some  further  notes  on  their  production  and  use  before 
passing  on  to  the  further  consideration  of  gas  produc- 
tion, distribution  and  utilisation. 

When  later  on  some  account  is  given  of  the  part 
played  by  gas  in  the  various  branches  of  industry  as  a 
fuel  and  as  a  motive  power,  in  addition  to  its  use  as 
an  illuminant,  it  will  be  realised  that  there  is  hardly 
anything  we  use  from  the  day  we  are  born  (and  are 
washed  in  water  heated  by  gas)  to  the  day  we  die  (and 
are  buried  in  a  coffin  made  of  wood  sawn  by  a  machine 
driven  by  a  gas  engine,  or  cremated  in  a  kiln  heated 
by  gas)  in  the  production  or  manufacture  of  which  the 
primary,  secondary  and  subsidiary  products  of  coal 
distillation  do  not  play  an  active  part. 

Our  mineral  resources. 

As  this  point  becomes  more  and  more  clear,  the  need 
of  careful  conservation  of  our  coal  resources  will  be- 
come more  and  more  obvious;  and  it  is  hoped  that  a 
clearer  knowledge  of  the  subject  will  be  gained  by  the 
children  in  our  schools  than  was  shown  by  the  answer 
of  "  ginger-beer  and  lemonade  "  given  to  the  question: 
What  are  the  mineral  resources  of  the  British  Isles? 

In  this  connection  (and  in  amplification  of  what  has 
already  been  said  on  "  nature's  cycle  of  events  "  as 
illustrated  in  the  formation  of  coal)  it  may  be  well  to 
refer  here,  before  touching  on  the  utilisation  of  tar  and 
its  derivatives,  to  the  subject  of  the  valuable  artificial 
manure  obtained  as  a  by-product  of  gas  manufacture, 
namely,  the  sulphate  of  ammonia  made  from  the 
ammoniacal  liquor  obtained  in  the  condensing  and 
washing  of  the  crude  gas. 

Ammonia  is  a  compound  of  nitrogen  and  hydrogen, 
chemically  designated  as  NH3.  Now  the  chief  import- 


ance of  nitrogenous  compounds  lies  in  their  assimilation 
by  living  plants,  which  absorb  them  from  the  soil, 
wherein  they  are  formed  by  the  action  of  nitrifying 
bacteria. 

The  importance  of  nitrogen. 

It  is,  therefore,  of  vital  importance  to  the  maintenance 
of  the  food  supply  ot  the  world  that  the  nitrogenous 
compounds  absorbed  from  the  soil  should  be  constantly 
made  good.  Hence  the  use  of  nitrogenous  manures. 

The  animal  manures  used  by  farmers  are  fairly  good 
as  fai  as  quality  goes,  but  the  necessary  quantity  is 
not  generally  obtainable ;  and  imported  or  manufactured 
manures  are  therefore  necessary. 

A  further  illustration  of  nature's 
cycle  of  events. 

The  two  chief  sources  of  nitrogenous  matter  for  the 
enrichment  (or  replenishing)  of  the  soil  are  (1)  the 
nitrate  (or  saltpetre)  deposits  of  Chile — the  guano  de- 
posits found  on  various  islands  off  the  coasts  of  Peru 
and  West  Africa  are  too  comparatively  insignificant  to 
be  counted  —  and  (2)  the  sulphate  of  ammonia  —  or 
ammonium  sulphate  =(NH4)2  SO4 — obtained  from 
ammoniacal  liquor.  As  the  ammonia  in  this  liquor 
comes  from  coal,  which  came  from  wood,  which  ob- 
tained its  ammonia  from  the  soil,  we  see  once  more  a 
perfect  illustration  of  nature's  cycle,  her  conservation 
of  energy,  and  of  the  very  few  ultimate  elements  of 
which  the  vast  multiplicity  of  natural  objects  really  con- 
sist. 

Nitrogen. 

It  is  also  of  interest  to'  note  here  what  an  important 
part  is  played  in  nature  by  an  inert  gas — colourless, 
tasteless,  and  odourless — which  is  quite  incapable  of 
supporting  life  or  combustion  (two  almost  interchange- 
able words).  Nitrogen  forms  approximately  79  per 
cent,  by  volume  (77  per  cent,  by  weight)  of  the  atmo- 
sphere, and  forms  an  essential  part  of  all  vegetable 
matter.  In  combination,  it  forms  most  violent  and 
dangerous  explosives,  e.g.,  nitro-glycerine — a  valuable 
anesthetic  (laughing  gas  or  nitrous  oxide),  and  is  of 
great  value  in  organic  chemistry.  It  may  not  unfittingly 
be  used  as  an  illustration  of  the  truth  that  the  appar- 
ently inert  and  valueless  things  in  nature  all  play  their 
useful,  indeed  invaluable,  part  in  nature's  marvellous 
organisation. 


(Botany  of  Nitrogen.) — Artificial  Nitrogen. — Siemens  ami  Ha/ske  process:  Air 
burned  in  electric  arc  to  Nitric  Oxide,  thence  Nitric  Acid.  Birkland  Eyde  similar 
process.  —  Cyanamide  process  :  Calcium  carbide  heated  in  Nitrogen.  —  Haber 
catalytic  process  :  Nitrogen  and  Hydrogen  direct  to  Ammonia. — Cyanide  processes. — 
Industrial  products  of  Nitrogen.  Manure,  dyes,  drugs,  explosives. — Law  of  Mass 
Action. — Theory  of  lonization. — Other  illustrations  from  practical  chemistry; 

e.g.,   Lime  burning. 
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PART  I.— LESSON  25. 


MORE  ABOUT  BY-PRODUCTS. 


How  sulphate  of  ammonia  is  made. 

(Show  samples.) 

The  process  of  sulphate  of  ammonia  making,  whereby 
the  nitrogen  in  coal  is  recovered  for  its  re-transfer  to 
the  soil,  is  not  a  complicated  one.  The  ammoniacal 
liquor  is  heated  by  steam  pipes  in  a  still,  and  the 
expulsion  of  the  ammonia  from  the  liquor  is  made 
complete  by  the  addition  of  lime  thereto.  The  ammonia 
in  its  gaseous  form  is  then  piped  to  a  chamber  where 
it  is  saturated  with  sulphuric  acid  (H2SO4),  with  which 
it  combines  to  form  the  ammonium  sulphate.  This  is 
a  greyish-white,  powdery  salt,  which  is  especially 
favoured  as  a  fertiliser  by  the  beet  growers  of  the 
Continent,  and  is  steadily  coming  into  use  in  this 
country  as  the  farmers  learn  scientific  agriculture. 

If  hydrochloric  (HCL)  instead  of  sulphuric  acid  be 
used  as  the  saturating  agent,  the  product  is  ammonium 
chloride  (  =  muriate  of  ammonia  or  sal  ammoniac), 
which  has  valuable  medicinal  properties,  as  well  as  be- 
ing valuable  commercially  in  galvanising,  calico  print- 
ing and  the  making  of  electric  batteries.  By  adding 
chalk  to  sal  ammoniac  and  heating  them,  sal  volatile, 
or  salts  of  hartshorn,  is  obtained.  This  was  formerly 
made  by  the  dry  distillation  of  nitrogenous  organic 
matter,  such  as  hair,  horn,  etc. — whence  its  name  of 
hartshorn. 

Liquid  ammonia  for  cleansing  and  other  purposes, 
and  anhydrous  ammonia  (supplied  in  the  form  of  liquid 
gas  in  cylinders  under  great  pressure,  and  used  in 
refrigerating  processes)  are  also  valuable  derivatives 
from  ammoniacal  liquor. 

Cyanogen  products. 

Other  nitrogenous  by-products  of  gas  manufacture 
are  those  already  enumerated  as  obtained  from  the 
cyanogen  liquor  which  results  from  washing  the  gas 
with  a  solution  of  an  iron  salt.  The  word  cyanogen 
(C2N2)  comes  from  the  Greek,  and  means  "  to  produce 
blue."  The  name  was  suggested  by  Prussian  blue,  the 
earliest  known  compound  of  cyanogen.  It  was  first 
isolated  in  1815  by  Gay-Lussac,  who  obtained  it  by 
heating  mercuric  or  silver  cyanide.  Cyanogen  is  a 
colourless  gas  with  a  strong  smell,  is  readily  soluble  in 
water,  and  is  very  poisonous.  Prussic  acid  (HCN) — 
by  far  the  most  rapid  poison  known,  a  single  inhalation 
producing  instantaneous  death — is  obtained  by  heating 
a  mixture  of  cyanogen  and  hydrogen. 

The  products  usually  manufactured  from  cyanogen 
liquor  and  their  commercial  uses  have  already  been 
enumerated. 


The  importance  of  ammonia. 

Apart  from  all  that  has  been  mentioned  of  the  valuable 
products  of  the  ammoniacal  liquor  obtained  in  gas 
manufacture,  ammonia  has  also  a  wide  application  in 
organic  chemistry  as  a  synthetic  reagent.  It  is,  there- 
fore, of  obvious  importance  to  retain  and  treat  this 
liquor,  instead  of  throwing  it  away  (and  incidentally 
creating  a  nuisance)  as  was  done  in  the  early  days  of 
the  gas  industry.  The  revenue  derived  from  this  by- 
product goes  a  k>ng  way  to  reduce  the  cost  and  the 
price  of  the  primary  product,  gas.  It  is,  therefore, 
doubly  of  public  importance. 

The  value  of  tar. 

The  value  of  coal-tar,  like  the  liquor,  was  at  first 
not  fully  realised.  It  was,  naturally,  first  used  in  its 
crude  state,  for  painting  wood,  iron,  brickwork  or 
stone,  as  a  preventive  against  the  influence  of  weather, 
or  the  more  potent  action  of  corrosive  chemicals.  This 
is,  of  course,  only  done  where  appearance  is  of  small 
importance. 

Uses  of  crude  tar. 

(Show  samples.) 

One  of  the  earliest,  and  most  considerable,  outlets  for 
crude  tar  was  and  is  the  manufacture  of  roofing  felt. 
This  industry  was  commenced  in  Germany  well  over  a 
century  ago,  before  coal-tar  was  available  (wood-tar* 
being  used),  and  in  that  country,  and  in  the  United 
States,  a  great  deal  of  coal-tar  is  now  used  for  this 
purpose.  The  felt  is  made  by  passing  a  special  fabric 
of  pure  woollen  fibre  through  hot  tar,  which  has  had 
all  water  removed  from  it  (by  dehydration),  and  then 
coating  both  sides  of  the  felt  with  sand. 

Another  direct  product  of  crude  tar  is  lamp-black, 
obtained  by  burning  the  tar  in  ovens  connected  with 
brick  chambers  in  which  the  soot  deposits  from  the 
smoke  given  off  by  the  burning  tar.  This  lamp-black 
is  used  for  the  making  of  electric  carbons,  printing 
inks,  shoe  blacking,  patent  leather,  etc. 

Tar  (dehydrated)  is  also  being  used  in  constantly 
increasing  quantities  for  rendering  roads  dustless,  by 
the  coating  of  the  surface  or  of  the  stones  as  laid,  as 
well  as  in  the  asphalting  of  roads  and  pavements,  and 
in  the  laying  of  wood  paving. 

Wood  Tar. 

*  It  may  be  mentioned  that  wood-tar,  otherwise  known  as  Stockholm  (or 
Archangel)  tar,  is  made  from  the  roots  and  stools  cf  Scotch  fir  and  Siberian 
larch  trees  in  Russia,  Finland  and  Sweden.  It  has  valuable  medicinal  as 
well  as  commercial  uses — externally  for  the  skin,  internally  for  bronchial 
troubles.  It  is  also  used  for  preserving  the  woodwork  and  ropes  of  ships, 
as  coal-tar  has  not  been  found  suitable  for  withstanding  the  action  of  sea  salt. 
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PART  I.— LESSON  26. 


THE  DISTILLATION  OF  TAR. 


The  distillation. 

Of  much  more  importance  than  all  the  applications 
of  crude  coal  tar  are  the  products  of  its  distillation,  for 
which  an  industry  of  considerable  magnitude  has  arisen 
in  this  country,  which  began  almost  as  soon  as  the  gas- 
making  industry  itself,  though  it  did  not  develop  greatly 
during  the  first  fifty  years. 

At  first  the  object  of  the  distillers  was  simply  to  obtain 
"  naphtha,"  which  is  used  in  the  manufacture  of  india- 
rubber  goods  and  of  some  descriptions  of  varnish,  and 
is  an  object  of  common  sight  (and  smell)  when  burning 
in  the  open  flare  lamps  used  by  co'Stermongers  and 
others.  Subsequently,  it  was  discovered  that  this 
naphtha  contained  benzene,  and  then  that  the  creosote 
obtainable  from  the  tar  was  valuable  for  pickling  rail- 
way and  other  timbers. 

The  discovery  of  coal-tar  dyes. 

But  the  great  development  of  tar  distillation  dates 
from  the  discovery  by  Mr.  (afterwards  Sir)  W.  H. 
Perkin  in  1856  that  aniline  colours  could  be  obtained 
from  the  lighter  oils  (benzol  and  toluol)  distilled  from 
tar,  which  laid  the  foundations  of  the  great  chemical 
dye,  scent  and  drug  industries  that  have  been  developed 
most  largely  in  Germany,  owing  to  the  more  advanced 
state  of  technical  education  in  that  country. 

The  various  stages  in  distillation. 

The  distillation  of  tar  is  carried  on  in  large  cylindrical 
stills  set  in  brickwork,  with  the  heating  arrangements 
well  under  control  to  prevent  overheating  of  the 
contents. 

(Show  samples.) 

The  distillation  is  carried  on  by  "  fractions  "  ;  that 
is  to  say,  the  types  of  oils  obtainable  by  distillation 
vary  according  to  the  temperature,  the  lighter  oils 
vapourising  at  or  before  210°C.,  and  having  a  specific 
gravity  of  less  than  water  (about  0*92).  These  include 
the  naphthas,  benzols  and  toluols. 

The  second  fraction  in  the  distillation  is  composed  of 
the  middle  oils,  the  naphthalene  and  carbolic  acids, 
which  vapourise  at  from  210°  to  240°C.,  and  are  slightly 
heavier  than  water  (specific  gravity  about  I'Ol). 

(Show  samples.) 

Then  comes  the  heavy  or  creosote  oil  (S.G.  1'04) 
fraction,  with  a  final  fraction  above  270°C.,  when  the 
anthracene  oil  or  green  oil  is  obtained,  and  the  final 


residuum  of  pitch  remains,  constituting  about  60  per 
cent,  of  the  original  weight  of  the  tar.  This  is  chiefly 
used  for  the  manufacture  of  briquettes,  a  form  of 
fuel  largely  used  on  the  Continent. 

Th«  various  oils  obtained  by  the  distillation  of  the 
tar  itself  are  further  treated  by  distillation,  and  by  treat- 
ment with  caustic  .soda,  sulphuric  acid,  etc.,  to  obtain 
the  various  products  set  out  in  the  list  given  in  Lesson 
13.  The  commercial  and  medicinal  uses  to  which 
these  various  products  are  put  have  alreadv  been  indi- 
cated, but  the  list  could  be  almost  indefinitely  extended 
by  reference  to  works  upon  industrial  chemistry. 

Soace  here  will,  however,  only  permit  of  a  brief 
reference  to  the  great  family  of  aniline  and  alizarin  dyes 
obtained  from  the  products  of  tar  distillation. 

(Show  samples.) 

Aniline  (otherwise  phenylamine  or  amido-benzene) 
was  originally  obtained  from  indigo  and  derives  its 
name  from  the  indigo  yielding  plant  indigofera  anil — 
anil  coming  from  a  Sanskrit  word  meaning  blue.  Its 
great  commercial  value  is,  of  course,  due  to  the  readi- 
ness with  which  it  yields  dye-stuffs,  now  numbering 
hundreds,  the  first  of  which,  mauve,  was  discovered  by 
Sir  W.  H.  Perkin  in  1856.  Formerly,  natural  vege- 
table dyes  were  alone  at  the  command  of  the  dyer. 

An  historic  discovery. 

Alizarin,  the  other  dye-producing  product  of  tar,  was 
originally  prepared  from  madder  root,  and  was  known 
to  and  used  by  the  ancients.  In  1869,  however,  tne 
German  chemists  succeeded  in  making  alizarin  Irom 
coal-tar  anthracene,  an  event  of  historical  interest  as 
being  the  first  instance  of  the  artificial  production  ot 
a  vegetable  dyestuff.  In  1878  Baeyer  discovered  how 
to  make  artificial  indigo — and  now  the  dyer  has  at  his 
command  an  innumerable  variety  of  colours,  some 
fugitive  but  many  of  them  quite  permanent.  For  in- 
stance, there  are  no  less  than  33  tones  of  red  obtainable 
from  coal  tar,  and  47  blues. 

All  the  alizarin  colours  are  what  are  known  as 
mordant,  that  is,  they  are  capable  of  dyeing  cotton 
direct,  without  the  introduction  of  a  metallic  salt  or 
tannic  acid,  such  as  must  be  used  before  cotton  will 
take  other  dyes. 

/n  our  next  notes  we  shall  leave  the  fascinating  sub- 
ject of  the  by-products  of  gas  manufacture  (which  have 
so  important  a  bearing  upon  its  cost  to  the  public) 
and  return  to  the  gas  itself,  which  we  left  at  the  point 
of  its  being  stored  in  the  gasholder  ready  for  distribu- 
tion to  the  consumer. 


Physics  of  change  of  state.— Boiling— Freezing.— Latent  Heat.— Vapour  pressure- 
Theory  of  Solution.— Theory  of  Fractionating.— Depression  of  Boiling  and  Freezing 
points  of  mixtures.— Eutectic  mixtures.— Phase  Rule.— Applications  of  Phase  Rule. 
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PART  I.-LESSON  27. 


THE  QUALITY  AND  PURITY  OF  GAS. 


Testing  for  quality,  purity  and 
pressure. 

The  term  "  quality  "  has  reference  to  the  energy  pro- 
ducing power  of  gas.  At  one  time  this  was  measured 
and  expressed  in  terms  of  the  quantity  of  light  (candle 
power)  emitted  from  a  gas  flame  of  a  prescribed  form. 
This  expression  is  now  obsolete.  Modern  legislation 
framed  upon  the  recommendations  of  modern  science 
recognises  the  calorific  value  or  heat  producing  power 
as  the  proper  standard  for  evaluating  the  quality  of 
gaseous  fuel.  The  unit  of  calorific  value  is  the  British 
Thermal  Unit  (B.Th.U.)  and  one  cubic  foot  of  gas 
may  develop  on  combustion  anything  from  120  to  600 
B.Th.U.  according  to  its  origin.  The  gas  supplied 
by  the  great  majority  of  British  gas  undertakings  is  of 
from  450  to  550  B.Th.U.  per  cubic  foot. 

The  British  Thermal  Unit. 

The  B.Th.U.  is  the  quantity  of  heat  that  will  raise 
the  temperature  of  one  pound  of  water  l°Fahr.  For 
example,  25  Ibs.  of  water  warmed  from  50°F.  to 
70°F.=25  x  (70-50)  =  500  B.Th.U. 

Candle  power  versus  calorific 
value. 

The  development  of  light  by  a  gas  flame  is  primarily 
due  to  the  heating  to  incandescence  of  some  solid  body. 
In  the  flat  flame  and  argand  burners  the  solids  consist 
of  finely  divided  carbon  particles  resulting  from  the 
decomposition  in  the  flame  of  the  hydro-carbons  of  the 
gas.  Ultimately  this  carbon  is  consumed.  The  com- 
bustion of  the  gas  in  such  burners,  however,  is  not  a 
single  stage  process,  but  consists  of  at  least  three 
well-defined  stages  in  one  of  which  the  carbon  par- 
ticles are  first  liberated  and  then  consumed.  Their 
combustion  and  ultimate  disappearance  is  preceded  by 
the  emission  of  light  due  to  the  incandescence  of  the 
particles,  and  it  was  this  emission  that  was  once  the 
basis  of  the  measurement  of  the  "candle  power  of  gas." 
In  this  respect  the  luminous  gas  flame  is  the  same  as 
the  candle  flame  or  the  flame  of  an  oil  lamp. 

In  modern  gas  lighting  the  gas  is  consumed  in  a 
bunsen  burner  (see  Lesson  47).  The  gas  is  partly 


aerated  before  combustion,  and  the  result  is  that  com- 
bustion proceeds  so  rapidly  that  the  carbon  particles 
alluded  to  above  are  burned  up  too  rapidly  to  emit  light 
by  their  incandescence,  and  so  we  get  the  practically 
non-luminous  bunsen  flame,  non-luminous  because  it 
contains  no  solid  matter.  By  placing  in  the  flame 
another  solid  body  (a  mantle  composed  of  rare  earths 
which  are  non-combustible)  the  light  producing  power 
of  the  burning  gas  is  restored,  but  multiplied  20  to  60 
times  in  comparison  with  that  of  the  original  luminous 
flame.  The  light  emitted  by  the  mantle  is  directly 
dependent  upon  the  temperature  of  the  flame,  and  this 
in  turn  depends  upon  the  calorific  value  of  the  gas. 

The  above  makes  clear  the  fact  that  the  abandon- 
ment of  the  candle  power  test  and  the  adoption  in  its 
place  of  the  calorific  power  test  in  no  way  prejudices 
the  value  of  gas  as  a  practical  illuminant. 

The  calorimeter. 

The  calorific  value  of  gas  is  determined  in  an  instru- 
ment called  a  calorimeter  (or  heat  measure).  There 
are  many  forms  of  the  instrument,  but  the  best  known 
are  those  in  which  a  small  stream  of  water  passes 
through  a  chamber  which  contains  a  cavity  in  which 
the  gas  burns.  The  heat  of  the  burning  gas  is  thereby 
imparted  to  the  stream  of  water,  so  that  the  water 
leaves  the  instrument  warmer  than  when  it  entered. 
Suppose  25  pounds  of  water  pass  while  one  cubic  foot 
of  gas  is  being  burned  and  that  the  water  enters  the 
instrument  at  50°F.  and  leaves  at  70°F.  The  water 
will  have  gained  therefore  25  x  (70-50)  =  500  B.Th.U., 
and  as  one  cubic  foot  of  gas  has  been  used,  we  say 
that  the  gas  has  a  calorific  power  of  500  B.Th.U.  per 
cubic  foot  (see  Appendix  C). 

Many  precautions  are  necessary  in  making  this  test. 
The  instrument  must  be  carefully  insulated  so  that  the 
heat  lost  through  it  by  radiation  is  negligibly  small. 
Also  the  combustion  of  the  gas  must  be  perfect,  other- 
wise the  gas  will  be  undervalued. 

So  important  is  the  calorific  value  regarded  that 
several  instruments  for  constantly  recording  this  value 
have  been  designed.  These  instruments  place  on 
record  the  calorific  value  of  the  gas  passing  through 
them  for  every  moment  of  the  24  hours. 


Composition  of  gas.-Inerts.-Effect  on  Efficiency  in  use.-Effect  of  composition  on 
Calorific  Value.— General  Properties  of  constituents  of  Coal  Gas.-Carbon  Monoxide. 
-Methane.— Hydrogen.— Radiant  efficiency  of  flames.— Temperature  of  flames.- 

Tookey  factor :  Hydrogen  in  Internal   Combustion  Engines. 


32 


PART  I.— LESSON  28. 


THE  QUALITY  AND  PURITY  OF  GAS-continued. 


Candle  power. 

The  candle  is  the  British  unit  of  light,  and  "one 
candle  power  "  is  equal  to  the  light  emitted  in  a  hori- 
zontal direction  from  a  candle  made  of  spermaceti  wax 
weighing  six  to  the  pound  and  burning  wax  at  the  rate 
of  120  grains  per  hour. 

In  modern  practice  it  is  more  convenient  to  use  what 
is  called  a  Harcourt  10  candle  power  pentane  lamp, 
which  yields  light  equal  to  10  standard  candles. 

Although  the  candle  power  of  gas  is  no  longer  used 
as  a  measure  of  its  utility,  the  very  large  applications 
of  gas  to  practical  lighting  render  it  necessary  to  have 
the  standard  candle.  So  important  is  this  unit  that 
a  large  amount  of  attention  has  recently  been  devoted 
to  the  International  standardisation  of  the  unit  of 
light.  It  enables  the  lighting  engineers  to  make  speci- 
fications as  to  the  provision  of  lighting  equipment;  to 
make  comparisons  between  various  methods  of  pro- 
ducing light  (as,  for  instance,  gas,  electricity,  oil, 
candles),  and  to  measure  progress  and  improvements 
in  producing  and  distributing  light.  It  is  worthy  of 
note  that  the  production  of  a  reliable  standard  of  light 
arose  from  the  necessity  of  making  exact  measure- 
ment of  the  now  obsolete  "  candle  power  of  gas." 
Although  this  application  is  now  obsolete  the  unit  of 
light  remains,  and  is  now  more  useful  than  ever. 

Official  testers. 

The  gas  supplied  in  London  is  tested  by  competent 
chemists  appointed  by  the  L.C.C.  and  the  City  Corpora- 
tion, in  order  to  ensure  that  the  quality  and  purity  of 
the  gas  is  in  accordance  with  the  prescription  contained 
in  the  Gas  Regulation  Act  (see  Appendix  C). 

Purity. 

When  coal  is  consumed  in  the  raw  state,  all  the 
substances  in  it  except  the  ash  are  burnt  up.  Every 
ton  of  coal  contains  between  20  and  30  pounds  of 
sulphur  and  also  some  compounds  of  nitrogen.  These 
add  very  little  to  the  heating  value  of  the  coal,  but 
when  burned  they  render  the  atmosphere  to  a  serious 
extent  unfit  for  use  by  the  animal  and  vegetable  world. 


Sulphurous  and  sulphuric  acids  and  ammonia  are  pro- 
duced from  the  sulphur  and  nitrogen  compounds  in  the 
coal,  when  the  latter  is  consumed  in  the  ordinary  way. 

In  converting  coal  into  gas  about  95  per  cent,  of  the 
sulphur  and  of  the  ammonia  are  retained  in  the  gas 
works  for  the  preparation  of  the  artificial  fertiliser 
known  as  sulphate  of  ammonia,  and  the  atmosphere  is 
purer  to  this  extent. 

Sulphur  and/or  ammonia  in  gas  in  anything  more 
than  a  trifling  amount  are  regarded  as  impurities,  and 
the  official  testers  regularly  examine  the  gas  so  as  to 
ensure  proper  limitation  of  them. 

The  things  that  render  coal  impure  and  would  if 
present  render  gas  impure,  are  retained  on  the  gas 
works,  and  are  made  up  into  valuable  by-products, 
thereby  verifying  the  old  saying  that  dirt  or  impurity 
is  "  matter  in  the  wrong  place." 

The  most  objectionable  form  of  sulphur  in  the  pro- 
ducts of  combustion  from  coal  is  Sulphuretted 
Hydrogen,  and  this  is  practically  entirely  removed 
from  gas  before  it  is  delivered  from  the  works.  The 
test  applied  for  its  detection  can  indicate  the  presence 
of  one  part  in  825,000  (practically  one  part  per  million), 
but  very  rarely  is  even  this  small  quantity  found.  It 
has  an  odour  like  rotten  eggs,  and  will  rapidly  tarnish 
polished  metals.  The  tarnishing  of  siher-ware  during 
foggy  weather  is  due  to  minute  traces  of  sulphuretted 
hydrogen  in  the  air.  It  has,  too,  a  harmful  effect 
upon  animal  life. 

Pressure. 

In  order  that  gas  may  be  employed  to  the  fullest 
advantage  it  must  be  available  at  a  pressure  sufficient 
to  enable  it  to  make  a  proper  mixture  of  air  and  gas 
in  the  various  types  of  Bunsen  burner  employed  for 
using  gas  (see  Lesson  32  and  Appendix  D). 

In  the  Gas  Regulation  Act  which  received  the  Royal 
Assent  in  1920,  it  is  stipulated  that  not  less  than  two 
inches  pressure  shall  be  available  in  pipes  of  two  inches 
diameter  and  upwards.  This,  therefore,  is  a  matter  for 
test  by  the  official  tester  already  alluded  to. 


Light. — Elements   of  theory   of  light. — Motion    in  straight  lines. — (Wave  motion  ; 
refraction  ;  diffraction,  etc.  ?) — Candle  power,  flux,  mean  horizontal  candle  power,  etc. 

— Measurement  of  illumination. 


PART  I.— LESSON  29. 


THE   JOINTS   OF   GAS    PIPES. 

NOTE  — The  matter  of  this  article  may  be  somewhat  beyond  a  child's  comprehension,  but  is  inserted  for  completeness, 
and  also  because  it  may  be  of  service  to  teachers  in  technical  institutes  and  to  those  in  ordinary  schools  in 
enabling  them  to  answer  questions  put  by  scholars. 


BLACKBOARD. 

(See  Lesson  28.) 
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The  joints  may  be  of  the  screwed  or  the  ' '  spigot  and  socket ' ' 
pattern.  The  smaller  sizes  of  pipes,  such  as  are  used  in 
consumers'  premises,  have  screwed  joints.  Fig.  XV.  illustrates 
how  gas  is  conveyed  to  the  consumers  from  the  large  gas  pipes 
in  the  ground  called  mains.  A  screwed  hole  is  made  in  the 
main  (see  left-hand  corner)  and  a  short  piece  of  wrought  iron 
pipe  (a)  inserted.  To  this  is  screwed  an  elbow  (b)  which  turns 
off  at  right  angles.  To  the  elbow  a  length  of  pipe  is  screwed, 
each  section  of  pipe  being  joined  to  the  next  by  a  socket  (c), 
The  gas  is  led  into  the  meter  in  the  manner  shown  by  the 
arrow  (d).  The  connection  to  the  meter  has  to  be  made  so  as 
to  be  easily  detachable,  and  for  this  a  union  (e)  is  used. 

An  enlarged  drawing  of  the  union  is  shown  in  Fig.  XVI. 
The  part  (a)  fits  into  (c) ;  then  the  part  (b)  (the  cap)  is  brought 
down  and  screwed  on  to  the  outside  of  (c),  and  the  more  it  is 
screwed  the  closer  it  draws  (a)  and  'c)  together.  Between  (a) 
and  (c)  is  a  leather  ring  (or  'washer'),  the  compression  on 
which  makes  a  perfectly  gas-tight  joint. 

The  gas  is  led  from  the  meter  to  the  pipes  which  convey  it 
about  the  premises.  If  the  amount  required  at  the  bottom 
floor  is  not  very  large  and  a  small  pipe  suffices  to  supply  it,  we 
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Fig.  XV. 


use  a  T  piece  (/),  from  the  smaller  arm  of  which  the  supply  is 
led  to  the  various  apparatus  on  the  bottom  floor.  The  other 
arm  points  upwards,  and  additional  pipe  is  screwed  to  it  until 
the  level  of  the  next  floor  is  reached.  Here  another  T  piece  (g) 
is  arranged,  and  pipe  of  suitable  size  fitted  ;  and  so  on  for  the 
other  floors.  The  plug  (j)  can  be  unscrewed  from  the  top  if 
the  pipes  need  cleaning  out  at  any  time. 

The  figures  attached  to  each  of  the  horizontal  branches  in 
the  illustration  show  the  volume  of  gas  supplied  by  them  in 
this  particular  case.  The  branch  (»')  supplies  100  c.  ft.  per 
hour,  therefore  the  vertical  pipe  between  (»')  and  (/i)  must 
supply  the  same.  Branch  (/»)  supplies  200  c.  ft.  per  hour, 
therefore  the  pipe  between  (h)  and  tg)  must  supply  300  (200 
for  (h)  and  100  for  (i).  Similarly  the  vertical  pipe  between  (g) 
and  (/)  must  supply  550  c.  ft.;  so  that  the  pipe  to  and  from  the 
meter,  as  well  as  the  meter  itself,  must  pass  620  c.  ft.  per  hour. 
In  this  way  the  gas  engineer  determines  the  size  of  the  meter 
and  pipes  required.  A  tap  (not  shown)  is  fitted  at  the  meter  so 
that  the  gas  supply  can  be  cut  off  when  necessary. 

Wherever  space  permits  a  "  bend  "  should  be  substituted  for 
the  elbow  (b)  as  this  facilitates  the  gas  flow. 


PART  1.— LESSON  30. 

THE  JOINTS  OF  GAS  PIPES-contfnueJ. 

NOTE : — The  matter  of  this  article  may  be  somewhat  beyond  a  child's  comprehension,  but  it  is  inserted 
for  completeness,  and  also  because  it  may  be  of  service  to  teachers  in  technical  institutes,  and  to  those  in 
ordinary  schools  in  enabling  them  to  answer  questions  put  by  scholars. 


BLACKBOARD. 
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Fig.  XVII. 


The  joints  of  large  pipes  are  usually  made  in 
what  is  called  the  "  socket  and  spigot  "  style. 
Fig.  XVII.  shows  a  joint  so  made.  The  part  (a) 
of  the  right  hand  length  is  the  socket,  and  part 
(b)  of  the  left  hand  length  is  the  spigot.  The 
spigot  is  put  into  the  socket  in  the  manner  illus- 
trated. Owing  to  the  spigot  being  smaller  than 
the  socket  a  space  (c)  is  left  all  round,  into  which 
is  rammed  hemp  rope.  The  hemp  is  rammed  until 
it  occupies  the  position  shown  by  the  diagonal 
shading.  The  spigot  is  slightly  enlarged  at  (d) 
so  as  to  form  a  support  for  the  hemp.  When  the 
hemp  has  been  rammed  in,  the  space  (c)  is  filled 
with  molten  lead,  which  is  afterwards  rammed 


tightly  in  by  special  tools  (see  dotted  shading). 
The  joint  is  now  complete  and  forms  a  continuous 
pipe  for  the  flow  of  the  gas. 

Instead  of  molten  lead,  lead  wool  is  now  very 
much  used.  It  consists  of  lead  stripped  into 
threads  and  made  up  in  the  form  of  rope,  which 
is  then  rammed  into  the  joint  on  top  of  the  hemp 
rope  and  then  thoroughly  consolidated  by  ham- 
mering with  special  tools. 

This  is  a  very  striking  example  of  the  necessity 
of  air  (O2)  for  combustion  ;  neither  the  hemp  nor 
any  gas  can  burn,  even  when  in  contact  with 
molten  lead. 


PART  I.— LESSON  31. 


GOVERNORS. 


NOTE — This  lesson  has  been  introduced  to  take  the  place  of  a  lesson  on  Gas  Pressure  which  appeared  in  the 
first  edition.     The  difficult  subject  of  Pressure  is  now  dealt  with  more  fully  in  a  new  Appendix  D. 
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FIG.  A. 


It  is  being  more  and  more  realised  that  the  effi- 
cient use  of  gas  depends  very  much  upon  a  properly 
regulated  pressure.  Governors  are  appliances  for 
reducing  an  excessive  and  equalising  an  irregular 
pressure — an  operation  invariably  carried  out  in 
the  first  place  at  the  gasworks  by  the  station 
governor,  and  frequently  also  at  other  points  of 
the  system.  Governors  work  automatically,  by 
the  action  of  the  flow  of  gas  upon  a  balanced 
valve,  and  are  of  two  distinct  kinds — Pressure 
Governors  which  control  the  outlet  pressure  of 
the  gas  without  respect  to  the  quantity  passing  ; 
and  Volumetric  Governors  which  limit  the 
quantity  of  gas  passed  to  a  given  maximum,  irre- 
spective of  inlet  pressure  variations.  All  Gover- 
nors employ  the  same  method  of  increasing  the 
pressure  difference  between  their  inlet  and 
outlet,  namely  to  increase  the  resistance  of 
the  valve  to  the  flow  of  gas.  This  is  done 
by  reducing  at  some  point  the  cross-section  of 
the  gas  path. 

Fig.  A  shows  a  Volumetric  Governor.  The 
principle  of  it  is  that  a  disc  (A)  moving  with  a 


FIG.  B. 


little  friction  as  is  practicable  where  there  is  an 
almost  gas-tight  contact  with  the  inside  of  a 
cylindrical  chamber,  floats  suspended  between 
two  gas  pressures.  Gas  first  strikes  the  under- 
side of  the  disc  and  lifts  it  up  momentarily  to  its 
highest  point ;  but  meanwhile  gas  has  also  passed 
up  through  the  small  hole  (K]  to  the  upper  side  of 
the  disc  and  escapes  through  the  side  holes  (BB}. 
The  weight  of  the  disc  now  causes  it  to  drop  until 
this  weight,  plus  the  reduced  pressure  of  the  gas 
above  it,  released  on  its  way  to  the  burner,  equals 
the  inlet  pressure.  Thus  the  differential  pressure 
pi—p-2  is  always  the  same,  and  any  disturbance  of 
the  equilibrium  causes  the  disc  either  to  rise  or 
fall,  thus  diminishing  or  enlarging  the  area  of  the 
gasway  through  the  ports  (BB).  Thus  a  uniform 
flow  of  gas  is  assured,  whatever  the  variation  of 
the  inlet  pressure. 

Fig.  B  shows  a  typical  Pressure  Governor.  A 
predetermined  outlet  pressure  buoys  up  a  sus- 
pended valve  and  allows  of  the  passage  of  just  so 
much  gas  at  any  inlet  pressure  as  will  maintain 
the  given  outlet  pressure. 


PART  I.-LESSON  32.  THE  MEASUREMENT  OF  PRESSURE. 

NOTE  :  The  matter  of  this  article  may  be  somewhat  beyond  a  child's  comprehension,  but  is  inserted  for  completeness,  and  also 
because  it  may  be  of  service  to  teachers  in  technical  institutes,  and  to  those  in  ordinary  schools  in  enabling  them  to  answer 
questions  put  by  scholars.  Reference  should  also  be  made  to  Appendix  D. 
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Fig.  XVIII. 

Fig.  XVIII.  shows  how  the  pressure  of  gas  is  measured. 
The  U  shaped  tube  of  glass  (a)  is  charged  with  water  so 
that  when  it  is  held  vertically  the  water  reaches  about  to 
the  middle  of  the  two  straight  arms.  One  end  (6)  is  con- 
nected to  a  gas  supply  service,  and  when  the  gas  tap  is 
turned  on  the  water  levels  in  the  straight  arms  change,  and 
take  up  a  position  similar  to  that  shown  in  Fig.  XVIII.  ; 
that  is,  the  gas  pressure  is  supporting  a  column  of  water  (p) . 
The  height  of  this  column,  therefore,  represents  the  pres- 
sure of  the  gas,  and  is  usually  measured  in  tenths  of  an 
inch.  The  water  is  frequently  tinted  with  cochineal  or  a 
dye,  so  as  to  make  it  more  visible.  A  boxwood  scale, 
marked  off  in  tenths  of  an  inch,  is  usually  fixed  in  between 
the  two  straight  branches  so  that  the  height  (/>)  between 
the  levels  can  be  read  off  at  a  glance. 

It  is  important  that  the  U  tube  (called  a  pressure  gauge) 
shall  be  exactly  vertical  when  the  reading  is  taken. 
Mercury  can  be  used  instead  of  water,  but  a  different 
reading  would  be  obtained.  For  every  13£  inches  of  water 
only  one  inch  of  mercury  would  be  shown,  so  that  mercury 
is  used  only  when  the  gas  pressure  is  very  high. 

Fig.  XIX.  shows  a  simple  method  of  ascertaining  the 
gas  pressure.  A  glass  tumbler  is  filled  with  water,  and  a 
glass  tube  (a)  connected  to  the  gas  supply  is  dipped  in  as 
shown  in  the  sketch.  The  water  inside  the  tube  is  de- 
pressed to  a  lower  level  than  the  water  in  the  tumbler,  and 
the  difference  in  the  two  levels  (J>)  (measured  exactly  verti- 


Fig.  XIX. 

cally)  represents  the  pressure.  If  the  gas  pressure  increased, 
the  level  of  the  water  in  the  tube  would  get  lower  until  it 
reached  the  level  (6)  ;  then  the  gas  would  bubble  through 
the  water. 

The  pressure  of  gas  at  the  bracket  in  our  room  is  less 
than  that  in  the  holder,  because  of  the  friction  between 
the  gas  and  the  pipes  through  which  it  has  to  travel.  This 
friction  is  of  course  greatly  reduced  if  large  instead  of 
small  pipes  are  used,  and  the  gas  is  not  made  to  go  round 
too  many  sharp  bends  or  through  very  small  taps. 

It  is  therefore  desirable  that  whenever  gas  pipes  and 
meters  are  being  put  into  buildings,  they  should  be  of 
ample  size  ;  while  it  is  equally  desirable  that  the  gas 
company  should  have  sufficiently  large  mains  under  the 
streets. 

Otherwise  we  get  insufficient  pressure,  or  varying 
pressure  ;  for,  if  the  mains  and  services  are  not  of  ample 
dimensions,  the  quantity  they  contain  is  not  sufficient  to 
provide  all  the  gas  that  is  required  at  times  of  maximum 
consumption,  and  the  undue  demand  upon  the  supply 
leads  to  a  serious  fall  in  pressure,  and  to  irregularities  in 
pressure,  as  the  demand  varies. 

The  question  of  adequate  pressure  is  of  more  import- 
ance to-day  than  it  was  in  the  days  of  flat-flame  burners, 
as  the  incandescent  burner  requires  much  more  pressure 
to  produce  its  best  result.  This  will  be  explained  when 
burners  are  dealt  with. 


Surface  Tension. — Formation  of  drops.     Instabilility  of  long  liquid  filaments.     Floating 
of  needles. — Wetting  of  Surfaces. — Principles  of  Laplace's  explanation. — Bubbles. 


PART  I.- LESSON  33. 


THE  GAS  METER. 


Measuring  the  amount  of  gas  used. 

Now  that  gas  has  been  made,  purified,  stored,  tested, 
conveyed  underground,  and  brought  to  the  premises  of 
the  consumer,  there  remains  one  more  process  before 
the  gas  is  available  for  that  consumer's  use — a  process 
we  ignored  in  speaking  of  the  direct  connection  between 
the  gasholder  and  the  bracket  on  the  wall :  it  now 
remains  to  measure  the  gas  as  it  leaves  the  service 
pipe  to  pass  into  the  consumer's  piping  for  use. 

This  is  done  by  means  of  gas  meters  of  varying  sizes. 

Before  meters  were  invented  consumers  paid  for  their 
gas  according  to  number  and  size  of  the  burners  in  their 
houses  and  the  hours  of  usage  for  which  they  con- 
tracted with  the  gas  company.  This  led  to  the  appoint- 
ment of  gas  inspectors  to  go  round  the  streets  at  night 
to  see  whether  consumers  were  using  their  burners  after 
the  contract  hours.  As  may  be  imagined,  this  led  to 
many  disputes.  Heavy  penalties  were  imposed  by  law 
on  those  who  used  their  burners  beyond  the  contract 
hours  or  who  connected  additional  burners  without  noti- 
fying the  gas  company. 

Gas  meters. 

The  invention  of  a  practical  gas  meter,  about  the 
year  1815,  was  therefore  welcomed  by  all  parties — 
especially  by  the  writers  in  comic  papers,  who  have 
never  since  ceased  to  throw  doubts  upon  its  truthful- 
ness. 

As  a  matter  of  fact,  the  gas  meter  is  a  very  accurate 
and  generally  reliable  measuring  instrument.  Every 
meter  used  in  London  is  first  tested  by  officials  of  either 
the  London  County  Council  or  the  City  Corporation, 
and  no  meter  can  be  fixed  unless  it  bears  the  official 
stamp  of  accuracy. 

(Arrange  visit  to  meter-testing  establishment.) 
If  subsequently  either  company  or  consumer  thinks 
there   is  cause  to  doubt   the  continued   accuracy   of   a 


meter,  it  is  sent  again  to  one  of  the  testing  stations  for 
examination.  A  visit  to  one  of  the  Council's  meter- 
testing  establishments  is  very  interesting. 

The  type  of  meter  generally  used  in  London  is  the 
dry  meter,  so  called  to  distinguish  it  from  the  first 
form  of  meter  which  contained  water  and  is  known  as 
a  wet  meter.  The  wet  meter  is  a  very  accurate  type 
of  instrument,  but  has  some  disadvantages  in  use,  and 
has  been  very  largely  superseded  by  the  dry  meter, 
which  was  invented  some  years  ago. 

A  dry  meter  consists  of  the  familiar  tin  case,  painted 
with  a  red  anti-rust  paint,  containing  two  circular 
leather  diaphragms,  by  means  of  which  the  meter  is 
divided  into  three  compartments — two  inner  chambers, 
which  fill  and  empty  alternately  as  the  gas  passes  into 
or  out  of  them,  the  diaphragms  enabling  the  chambers 
to  expand  or  contract  as  required ;  and,  thirdly,  the 
space  between  the  diaphragms  and  the  outer  case. 

As  the  gas  on  entering  the  meter  from  the  service 
pipe  causes  one  diaphragm  to  expand,  and  as  the  other 
diaphragm  contracts  through  the  gas  passing  out  to 
the  consumer's  pipes,  levers  are  made  to  revolve  which 
actuate  the  spindle  of  the  index  that  records  the  gas 
used,  and  cause  the  index  hands  to  record  the  exact 
quantity  of  gas  represented  by  the  known  dimensions 
of  the  meter  chambers. 

The  principle  is  very  simple  and  can  be  readily  under- 
stood if  a  glass  sided  meter  is  watched  in  action.  A 
visit  to  the  works  of  one  of  the  several  meter  makers 
would  prove  of  great  interest,  and  enable  the  working 
of  this  common  object  of  domestic  economy  to  be 
thoroughly  understood. 

The  diaphragms  of  the  meters  are  made  of  selected 
sheep  skins,  the  best  of  which  come  from  Persia.  They 
are  specially  treated  with  almond  oil  to  make  them 
flexible  and  to  prevent  their  being  readily  affected  by 
the  gas  passing  through  them. 
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PART  I.— LESSON  34. 


THE  GAS  METER— continued. 


How  to  read  your  meter. 

The  index  of  a  gas  meter  is  much  more  easily  read 
by  the  consumer  than  is  generally  supposed,  and  it  is  an 
excellent  practice  for  the  consumer  to  read  his  or  her 
meter  every  week,  so  as  to  know  exactly  how  much 
gas  has  been  burned,  instead  of  waiting  and  worrying 
until  the  bill  comes  in  at  the  end  of  the  quarter  and 
then,  perhaps,  being  surprised  at  the  amount. 

The  following  diagram  and  explanation  of  how  to 
read  a  meter  will  make  this  clear — 


Dial  — 


CUBIC 


The  top  Dial  is  only  used  as  a  test   Dial,  and  has 
nothing  to  do  with  the  record  of  gas  consumed. 


Dial. 

One  complete  Revolution 
of  Hand  Records. 

Each  Figure,   1   to  9, 
on  Dial  Records. 

A 
B 
C 
D 

1,000,000  cubic  feet 
100,000       do. 
10,000       do. 
1  ,000       do. 

100,000  cubic  feet 
10,000      do. 
1,000       do. 
100       do. 

Commencing  with  Dial  A,  write  down  the  smaller  of 
the  two  figures  between  which  each  of  the  hands  is 
standing,  unless  the  hand  is  between  9  and  0,  when  put 
down  9. 

Add  00  after  the  figures  so  set  down,  and  you  have 
the  present  state  of  the  index. 

Deduct  the  state  of  the  index  previously  recorded, 
and  you  have  the  figures  representing  the  consumption 
of  gas  since  the  last  reading. 

The  above  index  reads  751,900.  If  the  reading  a 
month  before  had  been  740,600,  the  consumption  during 
the  month  would  have  been  11,300  cubic  feet. 


The  penny  in  the  slot  meter. 

In  addition  to  the  "  dry  "  gas  meter  as  usually 
employed  in  London  for  the  measurement  of  gas,  there 
is  another  type  of  meter,  or  rather  a  variant  of  the 
same  type  of  meter,  that  is  in  very  common  use  in 
London  and  throughout  the  country,  and  must  be  men- 
tioned before  we  pass  to  the  question  of  the  use  of 
gas.  With  this  instrument  very  many  children  in 
elementary  schools  are  quite  familiar,  as  the  invention 
of  the  prepayment  or  "  penny-in-the-slot  "  meter  a 
quarter  of  a  century  ago  made  it  possible  for  gas  com- 
panies to  supply  gas  to  those  who  could  not  afford  or 
did  not  care  to  run  up  a  bill  for  gas,  or  could  not 
make  a  deposit  of  money  as  security  for  payment. 
This  has  been  of  very  great  value  to  the  wage-earning 
classes  who  find  it  most  convenient  to  pay  as  they  go 
for  everything  out  of  the  week's  wages. 

How  it  works. 

By  means  of  an  ingenious  piece  of  mechanism,  the 
insertion  of  a  penny  and  the  turning  of  a  handle  (which 
is  enabled  by  the  penny  to  engage  with  and  operate 
the  mechanism),  open  the  inlet  valve  of  the  meter  and 
keep  it  open  until  it  has  passed  exactly  a  pennyworth 
of  gas.  As  that  quantity  is  used  and  passes  through 
the  meter  the  valve  is  gradually  closed  again.  The 
gas  company  sends  round  periodically  to  clear  the 
pennies  from  the  money-boxes  in  the  meters,  the  con- 
sumer being  in  the  meantime  responsible  to  the  com- 
pany for  the  safe  custody  of  the  money. 

The  number  of  slot  meters  in  use. 
The  weight  of  coppers  collected. 

(Let  the  children  make  the  calculation.) 

There  are  now  over  a  million  penny-in-the-slot  (and 
a  good  many  shilling-in-the-slot)  meters  in  use  in 
London,  and  as  each  consumer  on  the  average  buys 
about  two  shillings'  worth  of  gas  per  week,  or,  say, 
twelve  hundred  pennyworth  in  the  year,  an  easy  calcu- 
lation will  determine  how  many  pennies  have  to  be 
collected  each  year  by  the  men  engaged  on  the  work. 
It  is  also  easy  to  calculate  how  much  they  weigh,  from 
the  fact  that  five  pounds'  worth  of  coppers  weigh  as 
nearly  as  possible  251bs.  (3  pennies  weigh  an  ounce — 
a  fact  often  made  use  of  by  cooks  when  short  of 
weights). 


PART  I.— LESSON  35. 


THE  HISTORY  OF  GAS  SUPPLY. 


Now,  having  had  laid  on  from  the  mains  a  service 
pipe  for  a  supply  of  the  gas  we  have  seen  made,  purified 
and  tested  at  the  gasworks,  from  the  coal  dug  out  of 
the  mine  we  first  of  all  descended;  and  having  been 
furnished  with  a  meter  to  enable  payment  for  the  gas 
used  to  be  made  either  beforehand  or  at  the  end  of  the 
month  or  quarter,  to  what  uses  can  the  consumer  advan- 
tageously put  the  gas  which  is  at  his  or  her  disposal? 

That  question  is  fully  dealt  with  —  having  regard 
to  the  hygiene  and  the  sociology  as  well  as  the 
economics  of  the  case — in  the  lessons  in  Part  II.  of 
this  volume.  But  before  coming  to  that  question 
it  will  perhaps  be  of  interest  briefly  to  trace 
the  history  of  public  gas  supply  (mentioning  the  pur- 
poses for  which  it  was  originated  as  compared  with 
those  to  which  it  is  now  applied)  and  the  laws  govern- 
ing the  relations  between  the  supplier  and  the  consumer. 

The  history  of  public  gas  supply. 

In  tracing  briefly  the  history  of  public  gas  supply, 
and  in  setting  out  the  purposes  for  which  it  was 
originated  as  compared  with  those  to  which  it  is  now 
applied,  we  cannot  do  better  than  refer  to  a  lecture 
by  the  late  Professor  Vivian  Lewes  entitled  "  A  Century 
of  Work  on  Heating,  Lighting  and  Ventilation  by 
Gas." 

From  this  it  will  be  seen  that  the  original  object  of 
the  pioneers  of  gas  supply  was  to  provide  artificial 
light  by  means  of  the  naked  flame  of  burning  gas. 
They  had  no  thought  or  prevision  of  its  use  almost 
exclusively  for  its  heating  power  both  for  fuel  and  illu- 
minating purposes,  the  light  being  obtained  by  the  in- 
candescence of  solid  objects  through  the  heat  of  the 
flame. 

William  Murdoch — the  inventor. 

"  Scotland,"  said  Professor  Lewes,  "  can  lay  claim 
to  having  given  the  world  many  of  the  most  useful  and 
valuable  assets  of  its  pro'sperity,  but  few  exceed  in 
value  the  use  of  coal  gas  as  an  illuminant,  the  idea 
of  the  practical  application  of  which  was  born  in  the. 
brain  of  William  Murdoch,  when  in  the  latter  part  of 
the  eighteenth  century  he  first  made  coal  gas  on  a  small 
scale  at  his  father's  mill  at  Lugar,  in  Ayrshire,  and 
afterwards  perfected  his  process  while  employed  in 


Boulton  and  Watt's  engineering  works  at  Redruth,  in 
Cornwall,  and  at  Soho,  near  Birmingham. 

The  centenary  of  gas. 

"  A  century  ago  coal  gas  overcame  the  prejudice 
against  it  that  marked  the  first  year  of  its  inception ; 
and  in  1814  the  first  practical  illustration  of  gas  light- 
ing was  given  by  '  The  Chartered  Gas  Light  and  Coke 
Company  '  in  London.  Liverpool  adopted  it  in  1816 ; 
Glasgow  followed  suit  in  1817 ;  and  the  conquest  of  the 
British  Isles  was  completed  by  its  installation  in  Dublin 
in  1818." 

A  wave  of  scientific  activity. 

It  will  be  seen  by  this  quotation  that  the  real  incep- 
tion of  the  gas  industry  came  at  the  end  of  the  18th 
century,  at  a  time  when  there  was  a  marvellous  wave  of 
scientific  activity  spreading  over  the  whole  of  Western 
Europe.  We  had  at  work  in  this  country  men  like 
Priestley  and  Cavendish.  In  Edinburgh  there  was 
Black,  who,  with  the  limited  means  at  his  disposal,  did 
an  enormous  amount  of  work  and  effected  vast  im- 
provements in  all  forms  of  scientific  activity. 

Black  showed  us  that  the  weight  changes  which  take 
place  whilst  matter  is  altering  in  form  are  far  more 
important  than  the  changes  perceived  by  the  eye,  and 
in  introducing  the  chemical  balance  he  put  a  new 
weapon  in  the  hands  of  scientific  observers. 

Lavoisier's  theory  of  combustion. 

At  the  same  time  there  was  at  work  in  Sweden  a 
little  apothecary  named  Scheele,  who  discovered  more 
facts  than  any  man  breathing ;  and  in  France  there  was 
the  master-mind  of  the  great  philosopher,  Lavoisier, 
who  had  the  faculty  of  weaving  facts  into  theories  of 
the  most  beautiful  character.  He  it  was  who  showed 
us  what  combustion  really  is.  Indeed,  at  the  present 
day,  one-half  of  our  scientific  information  is  due  to 
Lavoisier's  theory  of  combustion. 

At  that  time  two  men  were  born  in  England  who  were 
destined  to  throw  an  enormous  amount  of  scientific 
light  upon  the  civilised  world.  One  was  William 
Murdoch  and  the  other  Humphrey  Davy,  both  of  whose 
names  are  inseparably  connected  with  the  history  of 
coal  gas. 


Historical     description     of     Combustion     controversy. — The     chemical 
Priestley's  experiments  on  Mercury. — Lavoisier. 
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PART  I.— LESSON  36. 


WILLIAM  MURDOCH'S  EXPERIMENTS. 


Murdoch's  early  experiments. 
Gas  from  a  teapot. 

Murdoch,  the  son  of  a  miller,  was  born  in  1754,  in 
Lugar,  in  Ayrshire;  and  as  a  boy  showed  extraordinary 
adaptability  and  extraordinary  experimental  skill.  He 
began  as  soon  as  he  was  able  to  do  so  to  make  experi- 
ments. There  happened  to  be  an  out-crop  of  Scotch  shale 
in  his  father's  cabbage  garden,  and  he  used  to  experi- 
ment with  it  and  ignite  it.  He  carried  on  a  certain 
number  of  experiments,  and  finally  was  able  to  distil 
it ;  and  it  was  recorded  that  in  an  old  cave  by  the 
side  of  a  mill  stream  he  used  to  make  gas  by  which 
he  illuminated  the  cave,  using  as  a  retort  his  mother's 
teapot. 

Subsequently  young  Murdoch  went  to  Birmingham, 
and  obtained  employment  at  the  Soho  Works,  not  many 
miles  away,  where  were  the  great  works  of  Boulton  and 
Watt,  renowned  for  the  beauty  of  their  workmanship. 
They  were  pioneers  in  stationary  steam-engine  work, 
and  their  pumps  were  also  world-renowned. 

To  them  went  young  Murdoch.  Watt  himself  hap- 
pened to  see  him,  and  at  first  treated  him  very  much 
as  he  treated  any  other  lad  who  turned  up  and  wanted 
a  job.  The  youngster  was  standing  with  a  billycock 
hat  in  his  hand,  which  he  finally  dropped  on  to  the 
floor,  and  the  ring  of  that  billycock  hat  on  the  floor 
attracted  Watt's  attention.  "  Hallo!"  said  Watt, 
"  what  have  you  there?  "  and  Murdoch  shamefacedly 
produced  the  billycock  hat,  which  was  one  he  had 
turned  out  of  an  old  log  of  wood.  Watt  was  so  struck 
by  this  fact  that  he  took  him  on  at  5s.  a  week. 

Experiments  at  Redruth. 

In  1780  W'att  sent  Murdoch  into  Cornwall  to  push  the 
sale  of  his  firm's  pumping  engines.  At  that  time  the 
tin  mines  of  Cornwall  were  at  their  zenith,  and  powerful 
machinery  was  necessary  for  keeping  them  clear  of 
water  owing  to  the  great  depths  to  which  they  went. 
Murdoch's  duty  in  life  was  to  push  pumping  machinery 
amongst  the  mine  owners.  He  settled  down  at  a  small 
house  at  Redruth,  near  Truro>,  and'  set  to  work  to  do 
this,  but  it  left  him  a  good  deal  of  spare  time,  sufficient, 
at  least,  to  work  up  many  of  the  early  schemes  of  his 
boyhood ;  and,  remembering  the  experiments  which  he 
had  made  in  distilling  the  shale  at  Lugar,  he  set  to 
work  to  do  something  on  a  bigger  scale. 

After  making  trials,  he  hit  upon  a  form  of  pot  not 


unlike  an  ordinary  washing  boiler,  and  in  that  distilled 
coal.  He  sent  the  gas  through  a  rough  sort  of  scrubber, 
and  finally  by  a  pipe  into  his  front  office,  and  he  found 
that  every  night  the  villagers  would  come  up  and  see 
this  wonder.  The  news  of  it  spread,  and  finally  he  had 
people  coming  from  a  great  distance  to  see  what  in  that 
day  was  as  great  a  wonder  as  radium  or  X-rays,  or  any 
other  modern  scientific  wonder  is  now. 

A  flame  without  a  wick. 

The  great  wonder  of  the  thing  was  that  it  was  a 
flame  burning  without  a  wick,  as  up  to  that  time  all 
illumii  ants  had  had  wicks.  No  one  had  ever  for  an 
instant  believed  that  it  was  possible  to  get  an  illuminat- 
ing flame  without  a  wick,  and  Murdoch's  wickless  flame 
was  one  of  the  marvels  of  the  day. 

At  that  same  period  he  also  designed  what  was  prac- 
tically a  motor-tricycle  driven  by  a  small  engine,  and 
with  this  he  used  to  frighten  the  neighbourhood  into 
the  belief  that  he  was  at  least,  if  not  the  devil,  a  very 
fair  imitation  of  him.  In  fact,  we  should  have  had  in 
Murdoch  the  inventor  of  the  locomotive  if  it  had  not 
been  for  the  opposition  of  Watt,  who  naturally  did  not 
like  this  experimental  work  which  was  being  done. 
Undoubtedly  Murdoch,  but  for  this,  would  have  in- 
vented the  locomotive  many  years  before  Stephenson. 

The  first  gasworks. 

Murdoch  returned  to  the  Soho  Works  in  1801,  and 
put  up  there  a  fair  imitation  of  a  gasworks  for  illuminat- 
ing the  works  and  shops,  and  this  again  naturally 
attracted  a  good  deal  of  attention.  By  this  time  it 
would  have  been  thought  that  Murdoch's  claims  to  the 
discovery  of  the  utilisation  of  coal  gas  must  have  been 
established.  Murdoch  did  not  claim  that  he  discovered 
coal  gas,  because  it  was  well  known  100  years  before 
that  coal  could  be  distilled;  but  Murdoch  had  shown 
the  way  in  which  it  could  be  practically  used  and  in 
which  it  could  be  harnessed  for  the  good  of  civilisation. 

Unfortunately,  like  so  many  inventors,  he  did  not 
reap  the  reward  of  his  invention,  because  in  1801  a 
Frenchman  in  Paris  (Lebon  by  name)  found  out  that 
if  one  distilled  wood  in  a  retort  away  from  contact  with 
air,  a  gas  was  obtained  which  also  gave  a  very  good 
light.  Lebon  took  and  furnished  a  sort  of  show-house 
in  Paris  and  exhibited  this  wonderful  invention,  which 
made  ordinary  smoke  burn  with  luminosity,  and  this 
also  attracted  a  good  deal  of  attention. 


Wicks. — Connection  of  capihirity  with   surface   tension. — Simple   diagrams. — Effect 
on  small  ripples. — Effect  on  cloud  formation.     Necessity  for  small  solid  particles.— 

Calming  of  waves  by  oil. 
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PART  I.— LESSON  37. 


THE  FIRST  GAS  COMPANY  AND  THE  ORIGIN  OP  THE  BURNER. 


Winsor — the  exploiter. 

To  one  of  Lebon's  exhibitions  of  his  method  of 
making  gas  came  a  German  named  Winsor,  who  was 
enormously  impressed  with  Lebon's  discovery  and  tried 
to  buy  the  secret.  In  this  he  was  unsuccessful,  and 
he  went  back  to  Germany  bent  on  finding  out  how  it 
was  done.  Within  two  years  he  had  discovered  the 
secret  of  illuminating  gas,  and  he  found  that  he  could 
obtain  it  not  only  from  wood,  but  from  peat  and  co>al. 
In  Germany  it  attracted  a  certain  amount  of  attention, 
but  Winsor,  hearing  that  the  streets  of  London  were 
paved  with  gold,  like  many  other  inventors  came  here 
to  exploit  his  wares  and  float  a  company,  nor  did  he 
do  it  in  any  half-hearted  way. 

He  took  the  Lyceum  Theatre,  later  rendered  sacred 
to  the  memory  of  the  wonderful  powers  of  Sir  Henry 
Irving,  and  on  that  stage  set  up  an  experimental  table 
and  demonstrated  what  coal  gas  could  do,  distilling 
his  gas  in  a  retort  at  one  end  and  occupying  the  rest 
with  his  burners.  Unfortunately,  Winsor  had  many 
troubles  to  contend  with.  He  could  not  speak  a  word 
of  English,  and  had  to  have  an  assistant  to  read  the 
lecture  from  an  extremely  dirty  screed  whilst  Winsor 
let  off  the  experiments.  Then,  as  now,  there  were 
attractions  in  the  Strand,  and,  unfortunately  for 
Winsor,  when  the  audience  was  in  the  assistant  was 
very  often  out. 


The  first  application  for  a 
charter. 

However,  Winsor  subsequently  went  to  Parliament 
and  asked  for  a  charter,  and  again  he  did  it  in  no  half- 
hearted manner,  because  he  asked  for  a  charter  to  light 
the  wKole  of  England — a  fairly  big  order.  Murdoch 
and  Watt  came  to  London  to  oppose  him,  and  as 
Murdoch  showed  conclusively  that  he  had  been  the 
prior  inventor,  the  bill  was  thrown  out. 


The  first  public  gas  lamps. 

Coming  again  in  the  next  year  or  two,  Winsor  at 
last  met  with  success,  and  got  a  charter  to  enable  him 
to  light  a  portion  of  London — rather  a  come-down  from 
his  original  idea,  but  it  was  something  to  go  on  with. 
In  1807  he  put  two  or  three  lamps  in  Pall  Mall  in  order 
to  demonstrate  the  process.  In  1810  he  formed  a  com- 
pany— the  Chartered  Gas  Company — which  was  the 
forerunner  of  our  present  Gas  Light  and  Coke  Company, 
now  the  premier  gas  company  in  the  world. 


The  first  gas  company. 

This  industry  so  started  has  never  looked  back.  It 
has  gone  on  increasing,  and  within  the  last  hundred 
years  it  has  grown  by  such  leaps  and  bounds  that, 
looking  back  even  ten  years,  we  realise  that  none  of  us, 
even  such  a  short  period  ago  as  that,  dared  to  imagine 
the  great  developments  which  it  has  since  made. 

The  origin  of  the  gas  burner. 

The  story  of  the  long  and  tedious  steps  from  the 
earliest  types  of  burner  to  the  incandescent  burner  of 
to-day  is  a  fascinating  one  far  too  long  to  describe  here. 
But  the  origin  of  a  burner  at  all  is  worth  recording. 

When  Murdoch  first  made  gas  at  Redruth,  and 
burned  it  in  his  village  parlour,  he  burned  it  at  the  end  of 
a  pipe  that  gave  a  big  flaring  .flame  with  a  maximum  of 
consumption  and  a  minimum  of  light,  and  inasmuch  as 
his  holder  was  a  very  small  one,  his  shows  did  not  last 
for  any  length  of  time.  On  one  occasion,  when  he  had 
a  room  full  of  people  watching  the  flame,  he  had  the 
uncomfortable  feeling  that  his  holder  was  not  half  full, 
and  he  knew  it  would  only  last  about  ten  minutes.  He 
was  not  at  all  sure  what  would  happen  if  the  holder 
"  grounded."  He  had  the  dim  idea  at  the  back  of  his 
head  that  unless  the  pressure  of  the  weight  of  the  holder 
was  on  the  gas,  the  gas  might  flash  back  and  cause  an 
explosion. 

He  had  a  very  primitive  method  of  arranging  the 
gas  supply  in  those  days.  He  had  no  taps,  and  his 
method  of  closing  the  end  of  the  pipe  was  simply  to 
have  a  little  plug  of  clay,  which  he  stuck  into  the  end. 
On  this  occasion,  however,  he  was  anxious  and  flurried, 
for  that  little  plug  had  got  knocked  on  to  the  floor  and 
he  could  not  find  it.  The  flame  was  growing  smaller 
and  smaller,  and  he  looked  round  anxiously  for  some- 
thing to  stop  the  flow  of  gas.  He  happened  to  see  his 
wife's  thimble  on  the  table  and  rammed  it  over  the 
end  of  the  pipe. 

Invention  the  daughter  of 
emergency. 

That  thimble  was  in  the  condition  in  which  every 
good  housewife's  thimble  should  be.  The  head  con- 
tained several  holes  bored  by  the  unsympathetic 
needles,  but  a  curious  thing  happened  when  he  put  this 
on,  and  he  noticed  that  the  gas  was  still  hissing  through 
these  small  holes.  In  order  not  to  waste  it  uselessly 
he  put  a  match  to  it,  and  to  his  astonishment  he  found 
that  the  gas  escaping  through  these  tiny  holes  gave  a 
much  better  light  than  when  he  was  burning  gas  at  the 
end  of  an  open  pipe.  He  at  once  had  the  idea  of  making 
a  burner. 
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PART  I.— LESSON  38. 


THE    HISTORY   OF   BURNERS. 


The  brilliant  and  yet  restful  light  of  the  incandescent 
gas  burner  of  to-day  is,  of  course,  not  due  primarily  to 
the  lighting  power  of  the  gas,  but  to  its  heating  power. 
The  light  is  the  result  of  the  "  mantle  "  (the  great 
invention  of  Baron  von  Welsbach)  being  heated  to  vivid 
incandescence,  when  the  heat  becomes  so  intense  as  to 
give  light.  This  is  the  most  economical  as  well  as 
effective  and  healthful  way  to  get  light  from  gas,  and  is 
almost  as  great  an  advance  as  can  be  imagined  upon 
the  thimble  used  as  a  burner  "  nipple  "  by  Murdoch  a 
century  ago. 

The  two  periods  of  burner  evolution. 

In  tracing  the  wonderful  development  that  has  taken 
place  in  lighting  during  the  century  that  has  elapsed 
since  Murdoch  first  burned  coal  gas,  and  the  wonder  of 
his  "  flame  without  a  wick  "  astonished  the  world, 
doAvn  to  the  present  time  when  high-pressure  incan- 
descent lamps  give  a  hundred  times  more  light  from  a 
given  volume  of  gas  than  was  possible  with  the  original 
burners,  we  find  that  the  advances  fall  naturally  into 
two  periods. 

The  first  was  that  in  which  light  was  emitted  by 
incandescence  of  carbon  particles  generated  within  the 
flame  by  the  decomposition  of  hydrocarbons  in  the  gas. 
Starting  with  Murdoch's  cockspur  burners — which  gave 
less  than  a  candle  power  of  light  for  each  cubic  foot 
of  gas  consumed  per  hour — the  illuminating  efficiency 
was  increased  gradually  by  improvements  in  the  burners 
used,  until  the  regenerative  burners  employed  in  the  last 
twenty  years  of  the  nineteenth  century  gave  seven 
candles  for  the  same  consumption. 

The  incandescent  mantle  burner. 

The  second  period  commenced  with  the  discovery 
by  Welsbach  that,  if  the  gas  was  burnt  to  a  non- 
luminous  flame  in  an  atmospheric  burner,  the  carbon 
particles  could  be  replaced  by  others  radiating  a  far 
higher  degree  of  light,  and  so  led  to  the  discovery 
of  the  incandescent  mantle,  which,  after  passing 
through  many  and  various  phases  of  improvement,  now 
yields  60  candles  of  light  per  cubic  foot  of  gas  con- 
sumed in  high-pressure  burners. 

The  Bunsen  burner. 

(Show  how  the  admission  of  air  before  ignition 
in  the  Bunsen  burner  alters  the  character 
of  the  flame  from  a  luminous  and  smoky 
to  a  non-luminous  and  non-sooting  flame 
which  gives  an  intense  heat.  Insert  a  clean, 
cold  plate  in  each  fiamc  and  observe  the 
sooting  of  it  in  the  one  case  and  the  absence 
of  soot  in  the  other.) 

The  discovery  which  more  than  any  other  has  led  to 


advance  was  that  of  the  atmospheric  burner,  due  to 
Professor  Bunsen,  who,  in  fitting-  up  his  laboratories 
at  Heidelberg,  utilised  a  suggestion  made  by  Sir  Henry 
Roscoe,  and  devised  the  burner  that  now  bears  his 
name.  This  not  only  made  the  incandescent  mantle 
a  possibility,  but  also  led  to  the  utilisation  of  coal  gas 
as  a  fuel. 


Gas  as  a  fuel. 

*  As  a  fuel  the  strides  made  by  gas  are  as  great  as 
for  lighting.  The  gas-fire,  the  gas-cooker,  and  the 
gas-engine  have  in  our  congested  cities  made  possible 
industries  that  the  crowded  area  would  have  rendered 
impracticable  had  coal-fired  boilers  and  the  steam-engine 
been  a  necessity  for  power  production. 


Gas  and  hygiene. 

It  is,  however,  in  the  region  of  hygiene  that  the 
greatest  advances  of  the  last  decade  have  been  made. 
The  fact  that  gas  lighting,  by  setting  the  air  in  motion, 
promotes  ventilation  and  prevents  that  stagnation  of  air 
which  in  a  dwelling-room,  shop  or  factory  is  fatal  to 
health,  is  now  realised  fully  by  the  leaders  of  the  medical 
profession ;  while  the  perfecting  of  the  gas-fire,  since 
it  was  made  clear  that  radiant  and  not  convected  heat 
was  the  only  healthful  way  of  warming  a  room,  has 
removed  the  last  objection  to  coal-gas  as  a  domestic 
fuel,  and  the  rapid  advance  of  the  gas-fire  is  certainly 
one  of  the  most  remarkable  features  in  the  progress  of 
the  industry. 


Gas  and  smoke  abatement. 

The  last  thirty  years  of  the  nineteenth  century  were 
marked  by  ever  increasing  emissions  of  smoke,  which 
cut  down  the  needed  vitalising  action  of  the  sun  to  a 
minimum  in  our  great  cities,  and  caused  such  an  in- 
crease in  the  number  and  density  of  fogs  as  to  be  not 
only  a  menace  to  health,  but  a  national  disgrace.  The 
wide  introduction  of  the  gas-fire  in  London  has 
already  improved  this  condition.  One-sixth  of  the 
chimneys  have  ceased  to  add  their  quota  of  smoke  to 
the  atmosphere  ;  and  the  meteorological  register  shows 
many  more  hours  of  sun  a  year  than  before,  while  the 
cleansing  of  what  fog  does  occur  is  a  still  more  marked 
result. 

Glancing  at  the  marvellous  progress  of  the  past,  it 
seems  scarcely  possible  that  the  future  can  hold  further 
advances  to  compare  with  them  in  magnitude ;  yet  it 
is  doubtful  if  we  have  more  than  touched  the  fringe  of 
the  possibilities  that  exist  in  the  use  of  gas. 


Bunsen  Flame. — Diagram    and  description  of  flame. — Outer  non-luminous  mantle, 
inner  cone  of  non-burning  gas,  luminous  portion,  etc. — Explanation  from  blow-pipe 

action. — Oxidation  and  reduction. 


PART   II. 

THE   PRACTICAL  APPLICATION 

OF  GAS. 


The  kitchen  in  the  all-gas  house  showing  gas  cooker  with   plate 

rack   above,  modern  gas   fire  and   gas   heated   circulating   boiler 

above. 


A  larger  size  of  gas-fired  refuse-destructor  placed  in 
a  scullery  beyond  an  all-gas  kitchen. 


A  gas  heated  copper  indispensable  for  washing  day 
and  useful  for  cooking  hams,  batches  of  puddings, 
etc.,  installed  in  the  scullery  next  to  an  all-gas  kitchen. 


The  above  illustrates'an  all-gas  kitchen  in  a  servantless  flat  and 

shows  gas  fire  with  gas  fired  refuse-destructor  above,  gas  cooker 

and  plate  rack  and  gas   circulating   boiler   with   storage  cylinder 

raised  in  recess  on  the  right. 


The  above  page  shows  varieites  of  modern  all-gas  kitchens. 
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PART  II.— LESSON  39. 


GAS    FOR   COOKING. 


How  gas  helps  the  public. 

We  have  in  a  previous  series  of  lessons  studied  the 
history  of  gas  and  the  method  of  its  production ;  we 
have  now  to  consider  how  "  the  fiery  spirit  of  coal  " 
is  tamed  and  domesticated  for  use  in  our  houses  and 
institutions. 

In  the  early  days  coal  gas  was  restricted  to  the  pur- 
pose of  affording  artificial  light,  and  this  as  being  its 
primary  function  should  strictly  be  dealt  with  first.  It 
is  proposed  how- 
ever, to  discuss  the 
matter  of  illumina- 
tion at  a  later  stage, 
and  for  the  moment 
to  consider  gas  in 
connection  with 
cookery,  the  proper 
practice  of  which  is 
so  vital  to  economy 
and  to- health. 


Winsor's    claims 

for  gas  justified 

to-day. 

The  application 
of  gas  to  various 
domestic  purposes  is 
no  new  discovery ; 
for  Winsor,  one  of 
its  earliest  pioneers 
(see  Lesson  36), 
claimed  as  an  im- 
portant ad  vantage  of 
the  new  invention 
that,  in  addition  to 
its  light-giving 
qualities,  gas  could 
be  used  both  for 
cooking  food  and  for 
warming  dwellings. 
As  early  as  1825 
attemtps  were  made 
to  use  it  for  these 
purposes  but  it  was 
not  till  some  ten 
years  later  that  any- 
thing like  a  practical  application  of  gas  was  made  to  the 
cooking  of  food. 

The  first  gas  cooker. 

About  that  date  Mr.  J.  Sharp,  of  Southampton,  began 
to  construct  ovens  heated  by  gas  for  cooking  and 
baking,  and  for  many  years  demonstrated  their  useful- 
ness and  value  in  a  series  of  public  lectures.  One  of 
his  earliest  specimens  was  constructed  for  the  Bath 
Hotel,  Leamington,  and1  by  its  aid  a  single  cook  pre- 
pared a  guinea-a-head  dinner  for  100  persons. 


THE  DIVORCE 

of  the  Cooker  and  Boiler 
leads   to  Domestic  Peace 


A II  that  we  need  to  do  when  we  want 
hot  water  is  to  ask  cook  to  put  down  a 
."-Mi 


leg  of  mutton  to  roast 
rTHE  time  when  the  cooking  and  hot 
-*•  water  supply  were  dependent  one  on 
the  other — when  if  there  was  no  cooking 
going  on,  no  hot  water  could  be  had — is 
long  since  past,  and  the  state  of  things 
referred  to  in  the  above  quotation  no 
longer  exists  in  the  up-to-date  household. 
With  the  gas  water-heater,  really  hot  water 
can  be  obtained  all  over  the  house  at  any 
hour  of  day  or  night,  whether  for  baths, 
shaving,  or  household  use.  The  servants  are 
happy,  and  the  service  is  prompt  and  efficient. 


An  out  of  date  kitchen 
of   the  modern    all-gat 


Prejudices  against  gas  for  cooking. 

Gas,  however,  cost  much  more  in  those  days  than  it 
does  now,  and  its  expense  prevented  its  being  generally 
adopted  for  culinary  operations.  Moreover,  a  strong 
prejudice  against  it  existed  in  the  minds  of  the  general 
public,  who  considered  that  the  use  of  gas  for  cooking 
would  taint  the  food. 

Gas  does  not  taint  the  food. 

Disinterested  scientific  and  medical  men,  however, 
have  carefully  investigated  the  point  and  have  repeatedly 

testified  to  the 
hygienic  character 
of  gas  cook i ng.  The 
result  is  that  gas  is 
now  used  in  Royal 
Palaces,  leading 
hotels  and  restau- 
rants, hospitals,  tea- 
shops,  and  every 
class  of  home.  Over 
a  million  penny.in- 
the-slot  meters  are 
in  use  in  London 
alone,  and  the  work- 
ing-class housewife 
is  as  enthusiastic 
about  gas  as  is  the 
hotel  chef.  These 
facts  prove  that  gas 
for  cooking  is  not 
only  hygienic  but 
also  economical. 
This  last  point  will, 
however,  be  dis- 
cussed more  fully 
in  due  course. 


The  cooker 
designed  for 
cooking  only. 

Our  illustration 
shows  a  sketch  made 
in  an  old  house  from 
which  the  landlord 
refused  to  have  the 


'    large    and   wasteful 


coal  range  removed, 
It  is  introduced  here 
and  at  the  outset  of  our  lessons  on  the  practical  application 
of  gas  to  illustrate  and  emphasise  the  cardinal  engineer- 
ing point  in  relation  to  kitchen  fuel  practice,  namely, 
that  the  divorce  of  the  cooker  and  water  heater  is  a 
first  essential  both  to  economy  and  efficiency  no  matter 
what  is  the  fuel  employed,  solid,  liquid  or  gaseous. 
The  gas  water  heater  in  the  picture  will  be  seen  on  the 
left,  and  the  gas  cooker  on  the  right,  and  these  to- 
gether, but  each  at  the  appointed  time,  perform  the 
work  previously  done  by  the  coal  range,  often  ineffec- 
tively and  with  so  much  dirt,  labour  and  expense. 


converted.      For  illustration 
kitchen   see   opposite   page. 


PART  II.— LESSON  40. 


GAS    FOR    COOKING— continued. 


A  gas  cooker  means  easy  cooking. 

The  advantages  of  the  gas  cooker  are  manifold  and 
obvious.  First  of  all,  perhaps,  comes  the  ease  with 
which  it  is  managed. 

Coal  is  dirty  and  uncertain. 

To  get  the  oven  of  a  coal  range  to  the  required 
temperature  and  keep  it  there  is  an  operation  involving 
frequent  stoking,  thus  costing  time  and  trouble  and 
making  fresh  dirt  to  be  cleaned  away. 

Gas  is  clean  and  reliable. 

Gas  burners,  on  the  other  hand,  and  consequently 
the  temperature  of  the  gas  oven,  can  be  regulated  with 
the  utmost  ease  and  certainty.  This  means  not  only 
that  the  cook  is  spared  the  necessity  of  constant  super- 
vision of  the  process  of  cooking,  but  also  that,  owing 
to  the  minute  gradations  of  heat  that  can  be  obtained 
by  the  simple  turning  of  a  tap,  dishes  of  the  utmost 
intricacy  and  elaboration  can  be  prepared  on  a  gas 
cooker  with  a  success  that  a  variable  and  uncertain 
coal  range  could  never  attain. 

How  gas  helps  the  busy  housewife. 

This  same  reliability  of  gas  makes  it  possible  for 
a  housewife  who  is  her  own  cook  to  go  out  for  the 
morning's  shopping  leaving  a  stew  simmering  over 
a  gas  ring,  in  the  sure  and  certain  knowledge  that  the 
cooking  will  go  on  just  as  well  in  her  absence  as  in 
her  presence.  This  is  a  special  boon  to  the  working- 
class  woman,  who  knows  too  well  the  anxieties  of 
leaving  a  coal  fire  unattended. 

The  cook's  comfort. 

Then  there  is  the  cook's  comfort  to  be  considered. 
Anyone  who  has  endured  a  "  roasting  "  over  a  coal 
fire  while  preparing  a  meal  knows  what  a  blessing  the 
gas  cooker  is,  especially  in  summer,  when  the  heat 
given  out  from  the  coal  range  so  often  makes  the 
kitchen  almost  uninhabitable. 

Gas  means  less  dirty  work. 

Again,  the  gas  cooker  means  less  work  for  the  cook. 
The  process  of  combustion  is  complete,  and  no  smoke 


or  dust  is  produced  to  dirty  the  kitchen  and  render 
the  task  of  cleaning  utensils,  etc.,  twice  as  hard  as 
it  need  be. 


Gas  means  economy. 

This  absence  of  dirt  makes  for  economy  not  only  of 
time  and  labour,  but  also  of  actual  expense,  as  the 
general  wear  and  tear  involved  is  so  much  less  than 
in  the  case  of  a  coal  range. 


Waste  is  unnecessary. 

Gas  is  economical,  too,  because  it  need  never  be 
wasted ;  directly  the  cooking  is  finished,  or  even  before, 
the  burners  can  be  extinguished  till  they  are  next 
needed ;  whereas  to  allow  a  coal  fire  to  die  out  between 
meals  is  inexpedient  on  account  of  the  labour  and  time 
its  rekindling  involves.  There  is  also  some  slight 
saving  effected  by  the  fact  that  with  gas  there  are  no 
chimneys  or  flues  requiring  sweeping,  no  stove  brushes 
or  black  lead,  and  no  firewood  to  be  purchased. 


Gas  cooking  gives  quick  and 
satisfactory  results. 

The  speed  with  which  cooking  operations  can  be 
accomplished  by  a  gas  cooker  is  another  recommenda- 
tion. This  is  particularly  noticeable  and  appreciated 
when  unexpected  guests  arrive,  and  a  dainty  little 
meal  has  to  be  prepared  and  served  up  at  short  notice. 


With  gas  domestic  drudgery  is  a 
thing  of  the  past. 

To  sum  up,  it  may  be  said  that  the  gas  cooker 
diminishes  domestic  drudgery,  and  makes  cooking 
no  longer  a  tiresome  and  troublesome  business  but  a 
real  and  pleasureable  art.  Therefore  a  gas  cooker  in 
the  kitchen  is  especially  valuable  from  the  point  of  view 
of  the  housewife  who  likes  to  get  good  servants  and 
make  things  as  easy  as  possible  for  them,  of  the  wife 
who  does  her  own  housework,  and  of  the  girl  whose 
education  and  upbringing  make  her  demand  that 
domestic  service  shall  be  not  one  continuous  round  of 
disagreeable  hard  work  and  drudgery,  but  a  task 
lightened  by  the  resource  and  inventions  of  science. 
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PART  II.— LESSON  41. 


GAS    FOR   COOKING-contf/mo/. 


There  are  many  types  and  varieties  of  gas  cooker, 
from  the  humble  but  useful  "  gas  ring  "  to  the  huge 
installations  found  in  royal  palaces  and  large  hotels, 
hospitals  and  clubs., 

Gas  rings  and  miniature  cookers  (illustrate). 

The  simplest  form  of  cooker,  the  gas  ring,  develops 
first  into  "  the  bachelor's  cooker  " — an  almost  toylike 
affair,  consisting  of  griller  and  boiling  burners  alone, 
which  is  nevertheless  very  useful  to  the  man  or  woman 
living  in  one  room  or  a  tiny  flat.  For  such  people 
joints  of  meat,  and  therefore  ovens,  are  unnecessary, 
and  they  can  grill  their  chops  or  fry  their  fish  with 
perfect  ease  and  comfort  on  this  miniature  cooking 
range. 

The  ordinary  gas  cooker, 

and  its  developments  (illustrate). 

Next  come  the  many  types  of  the  ordinary  gas  cooker 
as  we  know  it  in  our  own  homes,  and  from  these  are 
evolved  the  special  and  cleverly-designed  pieces  of 
apparatus — huge  roasting  ovens,  vegetable  steaming 
ovens,  confectioners'  ovens,  hot  plates,  stockpot  stands 
and  soup  boilers,  fish  fryers,  grillers  which  can  prepare 
dozens  of  chops  at  a  time,  and  so  on  almost  ad  infinitum 
— which  make  the  modern  kitchen  in  which  catering 
is  done  for  large  numbers  of  people  a  veritable  wonder- 
land. 

Gas  means  labour-saving. 

It  is  a  tribute  to  the  reliability  and  ease  of  control 
of  gaseous  fuel  that  in  one  establishment  where  a 
thousand  substantial  dinners  and  seven  hundred  break- 
fasts are  daily  provided,  the  work  is  done  by  a  staff  of 
six  only — one  experienced  chef  and  five  kitchenmaids. 

The  penny-in-the-slot  system. 

Gas,  however,  is  just  as  useful  on  a  small  scale  as 
on  a  large,  and  to-day  gas  companies,  by  their  slot- 
meter  system,  bring  it  within  reach  of  even  the  poorest. 

Gas  and  the  working  woman. 

Nowadays,  if  a  working  woman  wishes  to  do  her 
cooking  by  gas,  all  she  has  to  do  is  to  write  to  the 
local  gas  company  and  ask  them  to  instal  a  gas  cooker 
and  a  penny-  or  shilling-in-the-slot  meter  in  her 
kitchen.  Then  when  it  is  time  to  get  dinner  ready  she 
slips  one  or  more  coins  in  the  slot,  and  there  is  nothing 
more  to  pay  until  the  supply  of  gas  bought  by  those 
coins  is  exhausted. 

The  danger  of  debt  avoided. 

This  "  penny-in-the-slot  "  system  means  that  the 
working-class  consumer  can  never  get  into  debt  for  his 


gas,  and  the  housewife  knows  exactly  what  she  is 
spending  for  fuel.  Gas  through  the  slot  meter  in  the 
long  run  costs  slightly  more  than  gas  bought  in  the 
ordinary  way,  but  this  small  extra  charge  goes  to  cover 
the  fixing,  hire  and  repair  of  the  cooker,  for  which  the 
gas  undertakings  pay  in  the  case  of  slot  cookers,  while 
the  housewife  who  buys  her  gas  by  the  quarter  has  to 
pay  a  lump  sum  cash  down  for  her  fixtures  or  a  rent 
for  their  hire. 


The  ordinary  gas  cooker  (illustrate).* 

The  ordinary  cooker  consists  of  an  oven  surmounted 
by  a  "  hot-plate  " — that  is  a  series  of  parallel  bars  on 
which  the  pots  and  pans  rest — and  sometimes  finished 
with  a  canopy  and  a  plate-warming  shelf. 

The   Oven  (Illustrate).* 

The  oven  is  generally  lined  with  enamel,  and  heated 
by  a  row  of  small  gas  burners  at  either  side.  The  walls 
of  the  oven  are  thickly  packed  with  non-conducting 
material,  so  that,  the  heat  is  not  wasted  nor  the  tem- 
perature of  the  kitchen  appreciably  raised  when  cooking 
is  going  on. 

The  shelves  and  how  they  are  used  (illustrate).* 

The  oven  contains  one  solid  or  browning  shelf,  and 
two  open  or  grid  shelves.  Wherever  the  solid  shelf 
is  placed  in  the  oven,  the  heat  is  divided ;  generally  the 
greater  proportion  of  the  heat  is  kept  below,  but  if, 
as  in  some  cases,  the  slots  to  contain  the  shelves  are 
fjxed  at  some  distance  from  the  sides  of  the  oven,  then 
tqe  heat  escapes  between  the  slots  and  the  sides  of  the 
oven  and  rises,  so  that  the  portion  of  the  oven  above 
th£  browning  shelf  is  the  hotter.  This  is  a  matter 
which  each  cook  must  look  into  for  herself,  for  it  is 
one  \about  which  apparently  contradictory  statements 
are  made  in  cookery  books  and  elsewhere  because  two 
types  of  construction  are  not  taken  into  account. 


The  dropping  pan. 

Underneath  the  oven  a  pan  is  placed  to  catch  drip- 
ping, etc.  This  generally  rests  on  the  floor,  but  the 
more  modern  type  of  cooker  is  raised  on  legs,  with  a 
view  to  making  it  easier  to  clean  below  it. 

The  top  of  the  oven. 

Similarly  the  enamelled  top  of  the  oven,  below  the 
burners  and  hot-plate,  is  now  constructed  to  end  in  front 
in  a  projecting  "  gutter,"  the  purpose  of  which  is  to 
prevent  liquid  that  has  boiled  over,  etc.,  from  splashing 
on  the  oven  door  and  dirtying  both  the  door  and  the 
floor. 

*See  Lessons  43  and  44. 
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PART  II.— LESSON  42. 


GAS    FOR    COOKING— continued. 


How  to  choose  a  cooker. 

When  a  cooker  is  being  chosen,  preference  should 
be  given  to  one  which  has  burners  of  varying  size, 
because  once  the  contents  of  a  saucepan  have  reached 
boiling  point,  it  can  be  moved  on  to  the  smaller 
"  simmering  "  burner,  which  saves  gas.  For  economy 
and  convenience,  when  several  vessels  are  to  be  heated 
at  the  same  time,  a  plate  of  iron  can  be  obtained  to 
convey  heat  from  one  burner  which  is  already  being 
used  to  a  saucepan  at  a  distance.  The  question  of 
economy  is  further  studied  in  the  case  of  the  most 
modern  types  of  griller ;  these  are  so  arranged  that 
only  half  the  burners  need  be  alight  at  one  time  if  only 
a  small  piece  of  meat  or  fish  has  to  be  grilled. 

Economise  gas. 

How  to  avoid  waste. 

It  is  very  important  to  be  economical  in  the  use  of 
the  cooker,  and  to  see  that  no  gas  is  wasted.  All 
the  consumer  has  to  do  to  avoid  waste  is  to  see  that 
the  gas  is  always  turned  out  when  it  is  not  needed, 
and  that  the  flames  are  of  the  right  size.  Tapers  or 
matches  for  re-lighting  the  burners  are  cheaper  than 
wasted  gas,  and  a  flame  that  is  allowed  to  flicker 
beyond  and  up  the  sides  of  stewpans  or  kettles  not 
only  wastes  the  gas  but  also  causes  an  unpleasant  smell. 

The  burners  (illustrate). 

Smells  and  unnecessary  expense  are  also  caused  if 
the  burners  are  allowed  to  get  clogged  with  dirt.  A 
small  scrubbing  brush  is  useful  for  cleaning  them. 

Cleanliness  an  essential. 

It  is  necessary  to  keep  every  part  of  the  cooker 
scrupulously  clean  :  this  is  the  best  way  to  avoid  smells. 
After  any  roasting  or  baking  operation  the  sides  and 
top  of  the  oven  should,  as  soon  as  they  are  sufficiently 
cool,  be  washed  with  hot  water  and  soda,  so  that  all 
traces  of  grease  can  be  removed.  It  is  a  convenient 
plan  to  give  them  a  preliminary  rub  down  with  a  soft 
newspaper.  It  is  an  easy  job  to  keep  a  modern  cooker 
clean,  because  all  the  parts  lift  out  easily. 

The  choice  and  use  of  utensils. 

(Illustrate). 

It  is  a  great  mistake  to  use  the  same  utensils  indis- 
criminately on  a  coal  range  and  a  gas  cooker.  A 
deposit  of  soot  on  the  bottom  of  vessels  used  on  a  coal 
range  not  only  causes  a  smell  when  they  are  used  on  a 


gas  cooker,  but  also  acts  as  a  non-conductor  between 
the  heat  of  the  flame  and  the  water  inside,  and  so  wastes 
gas. 

Kettles. 

Moreover,  it  is  better  to  use  on  a  gas  cooker  vessels 
of  a  different  shape  from  those  generally  used  on  a 
coal  fire  or  range.  On  a  gas  burner  kettles  boil  more 
quickly  if  they  are  of  what  may  be  called  a  conical 
shape,  broad  at  the  base  and  tapering  towards  the 
top.  A  kettle  with  a  square  base  of  the  right  size  can 
be  boiled  to  great  advantage  over  the  griller  when  the 
latter  is  in  use.  (The  griller  consumes  more  gas  than 
any  of  the  boiling  burners,  but  it  is  not  wasteful  on 
that  account,  grilling  being  a  quick  process  of  cooking, 
so  the  top  should  always  be  utilised,  if  possible,  for 
heating  a  kettle  or  saucepan  when  grilling  is  in  pro- 
gress. Most  griller  burners  can  be  reversed  at  need.) 

Steamers. 

It  is  also  a  good  thing  to  use  one  of  the  several 
varieties  of  steamers  which  can  now  be  obtained.  These 
have  from  three  to  six  compartments,  and  will  cook  the 
whole  of  a  dinner  over  one  burner.  It  is  now  generally 
agreed  that  steam  cooking  produces  most  palatable  and 
digestible  dishes,  conserving  the  nourishment  of  the 
foods,  while  requiring  less  heat  and  less  attention  from 
the  cook,  and  the  economy  of  the  method  has  very  much 
to  recommend  it. 

Copper  utensils  to  be  avoided. 

It  is  a  mistake  to  use  copper  utensils  on  a  gas 
cooker,  because  unless  the  greatest  pains  are  taken  to 
keep  them  bright  and  polished,  the  condensation  that 
takes  place  turns  them  green,  and  traces  of  compounds 
akin  to  verdigris  will  clog  the  burners.  Their  presence 
is  shown  by  a  green  tinge  in  the  flame. 

Block  tin  vessels  and  fireproof -china. 

Block  tin  or  aluminium  utensils  are  preferable  to 
iron,  but  the  use  of  casseroles  and  fireproof  china  is 
greatly  to  be  recommended.  Meat  and  fruit  stewed 
en  casserole  are  more  agreeable  in  flavour,  and  more 
nutritious,  than  when  cooked  in  a  metal  saucepan. 
Moreover,  gas  is  saved,  because  casseroles  have  to  be 
put  into  a  cold  oven  to  start  with,  and  the  gas  should 
never  be  turned  more  than  half  on.  Similarly,  if  they 
are  used  over  a  boiling  burner  the  flame  should  be  kept 
low.  Then  the  fact  that,  when  fireproof  china  is  used, 
the  food  can  be  sent  to  table  in  the  dish  in  which  it  was 
cooked  means  less  labour  of  washing  up. 
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PART   II.— LESSON  43. 


GAS    FOR    COOKING— continued. 


BLACKBOARD. 


Fig.    I. — Showing 

(a)  The  main  gas  supply. 

(b)  The  gas  supply  to  the  oven  burners ;  con- 

trolled by  tap  (/). 

(c)  The  oven  burners ;  one  row  on  each  side 

of  the  bottom  of  the  oven. 

(d)  The  catch  for  securing  the  oven  door. 

(e)  Racks  for  supporting  either  open  or  solid 

shelves. 


Front  View  of  Cooker. 

(/)  The  part  section  shews  the  insulating 
material  with  which  the  sides  and  door  of 
the  oven  are  packed.  The  material  is 
slag  wool  and  serves  to  prevent  the  escape 
of  heat  from  the  oven. 

(g)  The  pan  which  slides  under  the  grill. 
Toast  or  meat  is  cocked  upon  this  pan  by 
the  radiant  heat  that  is  deflected  down- 
wards by  the  grilling  frets  (see  Fig.  II.) 
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(h)  The  taps  for  controlling  the  supply  of  gas 

to  the   four  hot  plate  burners. 
(/)    The   drip  tin. 

(;')   The  tap  controlling  the  supply  to  the  oven 

burners. 
(k)  The  enamelled  interior  lining  of  the  oven. 


(Z)  The  open  grid.  Consists  of  metal  bars, 
secured  to  two  flat  bars  which  slide  in 
the  racks  (e). 

(m)  The  solid  shelf.  Note  that  the  corners 
are  cut  away  to  allow  the  hot  air  to  pass 
freely  through  the  oven  when  the  solid 
shelf  is  used. 
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PART  II.— LESSON  44. 


GAS    FOR    COOKING— continued. 


BLACKBOARD. 


FIG.    II. — Showing   Back   View  of  Cooker,   Hot  Plate,   etc. 


(a)  The  simmering  burner. 

(b)  The  grill.     The  burner  is  arranged  in  the 

centre,  and  the  cast  iron  frets  on  each 
side.  The  flames  issue  on  each  side  of 
the  burner,  and  so  heat  the  frets  to  incan- 
descence. The  frets  are  so  designed  that 
the  radiant  heat  is  emitted  in  a  downward 
direction  on  to  whatever  is  being  grilled 
or  toasted. 

(c)  The  large  boiling  burner. 

(d)  The  small  boiling  burner. 

(e-)  Section  of  a  boiling  burner,  showing  how 
the  gas  jet  draws  in  air  for  the  produc- 
tion of  the  gas-air  or  bunsen  mixture 


(see  Lesson  9).  Such  a  mixture  burns 
with  a  blue  and  smokeless  flame  at  the 
holes  round  the  ring. 

(/)  The  gas  injector.  The  gas  issues  from  a 
small  hole  so  as  to  form  a  jet  which 
passes  straight  into  the  centre  of  the 
tube  of  the  burner.  It  is  the  velocity  of 
this  jet  that  draws  in  the  air.  The  gas 
and  air  travel  together  through  the  tube 
(e)  and  while  they  are  so  travelling  they 
intermingle  with  each  other,  so  that  by 
the  time  they  reach  the  holes  they  have 
formed  a  perfect  and  uniform  mixture, 
and  therefore  give  a  perfect  flame. 


(g)  The  enamelled  tray  for  sliding  on  top  of 
the  oven  under  the  hot  plate  burners. 
Any  liquids  that  might  be  spilled  during 
cooking  drain  into  the  gutter  (i),  and  are 
thus  prevented  from  disfiguring  the  oven 
door. 


(h)  The  crown-plate  which  causes  the  hot  air 
currents  to  sweep  through  the  whole 
volume  of  the  oven  as  shown  bv  the 
arrows,  and  so  on  to  the  outlet  (/). 

(fc)  Section  showing  how  the  sides  of  the  oven 
are  lagged. 


PART  II.— LESSON  45. 


GAS   FOR   COOKING— continued. 


FIG.  Ill THE  PREPAYMENT  GAS  METER. 


(a)  The  gas  inlet. 

(b)  The  gas  outlet.     The  gas  when  it  leaves 

(b)  has  been  measured,  and  is  then  led 
away  to  the  pipes  (usually  called  services) 
co  the  various  apparatus  in  use. 

(c)  The  index.     A  set  of  dials  indicating  the 

volume  of  gas  registered  by  the  meter. 


(/)  The  case  containing  the  mechanism  by 
which  the  coin  is  made  to  control  the  gas. 

(g)  The  linear  indicator  showing  the  amount 
of  gas  in  cubic  feet  due  to  the  consumer 
for  the  number  of  coins  inserted  in  box. 
"  p  "  is  the  pointer  indicating  the 


(d)  The  money  box.     The  coins  put  into  the 

meter  are  stored  in  this  box  (which  is 
under  lock  and  seal),  and  are  periodically 
removed  by  the  Gas  Company's  collec- 
tors. The  number  of  coins  should  tally 
with  the  amount  of  gas  registered. 

(e)  The  slot  into  which  the  coins  are  inserted. 
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amount.  As  the  coins  are  inserted,  the 
pointer  "  p  "  moves  to  the  right,  and 
gradually  returns  to  the  zero  as  the  gas 
is  consumed. 

(h)  The  special  index  pointer  for  testing  the 
accuracy  of  the  meter. 


PART  II.— LESSON  46. 


GAS    FOR    COOKING— continued. 


How  to  heat  the  oven. 

When  the  oven  is  needed  for  cooking-  it  should  be 
thoroughly  heated  before  the  food  is  put  in.  The  jets 
inside  should  be  lighted  about  fifteen  minutes  before 
the  actual  use  of  the  oven  begins,  and  the  flames  should 
be  about  an  inch  long. 

Lighting-back. 

Sometimes  a  phenomenon  known  as  "  lighting- 
back  "  occurs  when  the  gas  is  lit.  This  is  due  to  a 
small  explosion  arising  from  the  ignition  of  the  gas 
in  the  burner  tube,  causing  it  to  "  light  back  "  at  the 
orifice  of  the  injector,  or  the  point  at  which  the  pure 
gas  leaves  the  pipe  and  enters  the  tube  in  which  it 
mixes  with  air  before  issuing  at  the  head  of  the  burner, 
where  combustion  ought  to  take  place.  (See  note). 

The  Bunsen  Burner. 

(See  next  lesson.) 

"  Lighting-back  "  only  occurs  in  a  "  Bunsen  " 
burner,  the  root  principle  of  which  is  the  admixture 
of  the  gas  with  air  before  ignition ;  and  as  this  type 
of  burner  is  very  important,  the  next  lesson  will  be 
devoted  to  its  origin,  development  and  characteristics. 

The  immediate  cause  of  "  lighting-back  "  is  gener- 
ally a  match  held  too  close  to  the  jet  when  the  burner 
is  lighted,  or  a  sudden  down-draught  acting  against 
the  upward  pressure  of  the  combined  gas  and  air.  It 
is  indicated  sometimes  by  a  slight  report  or  a  whistling 
noise,  but  invariably  by  a  yellowish  flame  instead  of  a 
clear  blue  one,  and  by  an  unpleasant  smell.  The  gas 
should  be  at  once  turned  out,  and  relighted  after  a 
few  moments.  If  the  trouble  is  persistent  an  authorised 
gas  fitter  should  be  called  in,  as  continual  "  lighting- 
back  "  shows  that  the  burner  is  out  of  adjustment. 

Meat. 

When  the  oven  is  thoroughly  hot  the  gas  should  be 
reduced,  and  the  oven  is  then  ready  to  receive  the 
dishes  to  be  cooked.  Meat  should  either  be  hung  on 
a  hook  in  the  centre  of  the  oven,  with  the  thickest 
end  up,  or  placed  on  the  lowest  grid  shelf.  Baking-tins, 
if  used,  should  be  small  enough  to  put  in  and  take  out 
easily,  and  to  be  arranged  two  on  one  shelf,  if  neces- 
sary. These  must  be  placed  one  in  front  and  one 
behind,  otherwise  their  contents  will  burn. 

Game  and  poultry. 

For  game  and  poultry  the  oven  should  be  fully  heated, 
and  the  gas  then  reduced  one-half.  The  game  or 
poultry  should  be  placed  on  the  grid  shelf,  beneath 
the  solid  or  browning  shelf.  Partridges  require  20 

NOTE. — An  explosion  in  a  mixture  of  gases  is  propagated  through  the  mixture 
as  a  surface  of  flame.  The  speed  with  which  this  surface  moves  depends,  among 
other  things,  on  the  composition  of  the  mixture,  becoming  a  maximum  at  a  definite 
composition :— the  ordinary  "explosive  mixture."  Hence  if  the  coal-gas  air 
mixture  in  the  copper  tube  is  moving.upwards  with  a  smaller  velocity  than  the 
flame  surface  moves  down  through  the\inixture,  the  flame  will  move  down  the 
tube  till  the  gas  is  burning  at  the  nozzle.\ 


minutes,  pheasants  30  minutes,  and  fowls  from  f-hour 
to  1  hour,  according  to  size.  Poultry  must  be  well 
basted. 

Pastry. 

For  pastry  the  oven  must  be  fully  heated,  and  then 
the  gas  turned  half  down.  The  pastry  should  be  placed 
on  a  grid  shelf  under  the  browning  shelf,  and  the  gas 
again  slightly  lowered  five  minutes  later.  When  the 
pastry  is  sufficiently  browned  it  should  be  finished  off 
in  the  cool  part  of  the  oven. 

Cakes  must  have  a  hot  oven 
to  begin  with. 

For  cakes  the  oven  must  first  be  made  thoroughly 
hot.  The  cakes  are  placed  under  the  browning  shelf, 
and  the  gas  immediately  reduced  one-half.  All  cakes 
should  be  baked  with  gradual  decrease  of  heat,  the 
gas  being  lowered  every  five  minutes  for  small  cakes, 
and  at  longer  intervals  for  larger  ones.  Finally,  the 
gas  should  be  turned  quite  out,  and  the  cakes  left 
for  five  minutes  or  so  to  finish  in  the  gentle  heat. 

Bread. 

Similarly  for  bread  the  full  heat  must  be  gradually 
reduced,  and  the  gas  turned  out  for  the  last  ten  minutes. 

Custards  and  milky  puddings. 

Custards  and  milky  puddings  can  be  baked  in  an 
oven  which  has  just  been  used,  with  the  gas  turned 
out— a  very  economical  method.  If  custards  have  to 
be  cooked  while  the  gas  is  still  being  used  they  should 
be  placed  in  the  cool  part  of  the  oven,  and  if  the  heat 
is  considerable  should  be  placed  inside  a  larger  dish 
containing  water,  on  the  principle  of  the  "  double 
saucepan." 

The  boiling  burners. 

As  soon  as  the  contents  of  a  stewpan  or  kettle  boil, 
the  gas  should  be  reduced  one-half,  and  for  simmering 
purposes  turned  nearly  out. 

The  griller. 

The  griller  should  be  heated  till  it  is  red-hot,  and  the 
grid  pan  be  always  kept  underneath.  The  chop,  steak, 
etc.,  is  then  placed  on  the  hot  grid  pan,  and  after  two 
minutes  the  gas  is  reduced  to  one-half  until  the  meat 
is  cooked  half-way  through,  then  the  meat  is  turned 
and  the  heat  increased  for  two  minutes,  and  the  gas 
again  reduced  to  half  until  the  meat  is  cooked.  Steaks 
require  about  ten  minutes,  chops  about  six  minutes, 
cutlets  five  minutes,  bacon  one  to  two  minutes. 

How  to  make  good  toast. 

Toast  can  be  made  in  one  minute  if  the  gas  is 
reduced  to  half  after  the  grill  is  red-hot,  but  the  bread 
must  be  carefully  watched  so  that  the  toast  is  "  just 
right  "  and  not  scorched. 
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PART  II.— LESSON  47. 


THE    BUNSEN    BURNER. 


Bunsen  and  his  discovery. 

One  of  the  most  important  events  in  the  history  of 
gas  was  the  discovery  of  the  Bunsen  burner.  Bunsen 
was  a  great  chemist,  who,  in  1852,  set  up  laboratories  at 
Heidelberg,  and  gave  a  wonderful  number  of  scientific 
inventions  to  the  world.  He  was,  however,  continuously 
hampered  in  his  work  by  the  method  he  employed  for 
heating  in  the  various  chemical  experiments  that  he  car- 
ried  out.  In  those  days  to  heat  a  test-tube  it  was  necessary 
to  use  a  spirit  lamp  flame,  and,  if  a  larger  amount  of 
heat  was  needed,  a  small  coke  or  charcoal  furnace. 

Sir  Henry  Roscoe  and  Davy's 
experiment. 

It  can  easily  be  imagined  how  in. 
convenient  this  was,  and  how  bad  for 
the  atmosphere  of  the  laboratory. 
Bunsen,  however,  was  baffled  in  his 
search  for  a  remedy,  until  one  of  his 
students,  who  later  became  Sir  Henry 
Roscoe,  reminded  him  of  an  old  ex- 
periment made  by  Davy,  the  inventor 
of  the  miner's  safety  lamp. 

Davy  discovered  that  if  he  took  a 
tube  from  which  coal  gas  was  issuing 
and  put  a  piece  of  wire  gauze  over  it, 
the  flame  was  practically  prevented 
from  passing  through,  cut  off  by  the 
gauze  which,  being  an  excellent  con- 
ductor of  heat,  drew  away  so  much  heat 
from  the  flame  that  there  was  not 
sufficient  temperature  above  it  to  ignite 
the  gas.  Davy  also  found  that  if  a  jet 
of  gas  was  put  below  the  gauze  and  a 
light  applied  above  it,  it  was  possible  to 
obtain  a  non-luminous,  non-sooty  flame 
above. 


The  original  Bunsen  burner. 

Acting  on  that  suggestion  Bunsen  in 
two  days  devised  a  burner  which  con- 
sumed gas  but  gave  no  smoke.  Taking 
an  Argand  burner,  the  type  then  chiefly 
used  for  illumination  in  Germany,  he 
made  a  copper  chimney  for  it,  and  on 
the  top  of  it  put  a  piece  of  wire  gauze 
fitted  with  a  flange.  By  allowing  the 
gas  to  escape  from  the  burner  and 
through  the  gauze  he  obtained  an  atmospheric  burner 
flame,  the  non-luminosity  of  which  was  found  on 
examination  to  depend  upon  an  admixture  of  air  with 
the  coal  gas  before  combustion.  The  oxygen  in  the 
air  burned  up  the  hydro-carbons  in  the  gas  before  the 
carbon  particles,  which  would  otherwise  have  rendered 
the  flame  luminous  and  sooty,  could  be  liberated. 


The  sketch  shows  the  form  of  atmo- 
spheric burner  devised  by  Bunsen.  The 
gas  is  led  into  (a)  and  passes  through  the 
small  orifice  (b),  issuing  into  the  chamber 
(c)  as  a  fine  jet.  The  velocity  of  the 
gas  particles  forming  the  jet  draws  or 
induces  air  through  the  opening  (d). 
The  air-gas  mixture  passes  through  the 
tube  (e)  forming  what  is  called  a  bunsen 
mixture,  that  is  a  mixture  of  air  and  gas 
that  will  burn  with  a  non-luminous 
flame  at  the  top  of  the  tube  (e). 

The  size  of  the  opening  (d)  can  be 
varied  by  a  small  shutter  (not  shown) 
so  that  the  amount  of  air  passing  into 
the  flame  can  be  adjusted. 


The  Bunsen  burner  of 
to-day. 

Finding  that  this  was  rather  a  loose,  unmanageable 
flame,  Bunsen  made  a  second  form  of  burner — the 
one  we  know  at  the  present  day.  In  this  a  tube 
turned  up  sharply  at  right  angles  and  ended  in  a 
small  nozzle,  through  which  the  gas  escaped  in  a 
fine  stream,  impinging  upon  a  copper  tube  above. 
The  uprush  thus  caused  sucked  in  air  through  holes 
at  the  bottom  of  the  tube,  and  so  there  was  a 
mixture  in  the  flame,  and  luminosity  was  destroyed. 

The  mixture  of  air  and  gas. 

The  right  proportion  of  air  to  gas  in 
this   atmospheric    burner    was    about 
o  2f :  1.      If  air    was  admitted    in    the 

proportion   of  about   4:1"  lighting- 
back"  (see  note  to  last  lessori)occurred. 


Results  of  Bunsen's  discovery. 

This  atmospheric  burner  of  Bunsen's 
was  one  of  the  most  important  advances 
ever  made  by  the  gas  industry.  The 
great  point  to  remember  is  that  if  gas 
is  consumed  in  an  atmospheric  burner 
(i.e.,  mixed  with  air)  it  can  burn  in 
contact  with  a  solid  object  without  any 
interference  to  the  process  of  combus- 
tion and  the  consequent  production  of 
soot.  On  the  other  hand,  directly  a 
luminous  flame  touches  a  cold  solid 
object  it  deposits  soot  upon  it.  This  is 
proved  simply  and  easily  by  holding  a 
clean  china  plate  above  a  burner  of  each 
kind  and  noting  the  results  upon  it.  A 
Bunsen  flame  causes  moisture  only,  a 
luminous  flame  deposits  unconsumed 
carbon  in  the  form  of  soot.  (When 
working  the  experiment  put  the  plate 
over  the  Bunsen  burner  first,  then  over 
the  luminous  one). 


The  same  amount  of  heat  per  cubic  foot 
of  gas  is  obtained  from  either  burner,  but 
the  great  virtue  of  the  Bunsen  type  is  that 
its  invention  enabled  the  gas  flames  to 
be  used  in  contact  with  solid  materials 
without  risk  of  depositing  soot,  as  for  instance,  for  heating 
kettles,  the  grilling  frets  of  cookers,  the  fuel  of  gas  fires  and 
incandescent  mantles.  In  cases  where  flame  contact  is  not 
necessary  for  the  efficient  utilisation  of  gas  luminous  flame 
burners  can  be  and  are  used.  In  geysers,  for  instance,  luminous 
flame  burners  are  usually  used,  and  also  in  certain  kinds  of  radiating 
stoves.  In  these  cases  the  flames  burn  in  a  free  state  so 
that  combustion  is  as  complete  as  if  a  Bunsen  flame  were  used. 


Theory  of  flames. — Effect  of  conditions  on  temperature. — Effect  of  composition  on 
temperature. — Catalytic  surface  combustion. — Turbulence. — High-pressure  gas  and/or 

air. — Speed  of  reaction. 
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PART  II.— LESSON  48. 


GAS    FOR   WATER    HEATING. 


The  coal  range  as  water  heater. 

We  have  seen  that  the  old-fashioned  coal  range  is 
by  no  means  as  satisfactory  a  cooking-  agent  as  the 
gas  cooker,  and  there  is  still  another  capacity — that  of 
water-heater — in  which  it  can  be  successfully  superseded 
by  gas  apparatus. 

The  kitchen  range  boiler. 

The  provision  for  hot  water  supply  commonly  made 
by  the  architect  and  builder  is  a  boiler  at  the  back  ol 
the  kitchen  range  heated  by  the  kitchen  fire.  With 
some  few  ranges  the  supply  of  hot  water  obtained  is 
excellent  both  in  quantity  and  in  temperature,  provided 
there  is  no  need  to  economise  in  coal;  with  others — 
and  these  are  the  large  majority — a  supply  of  only 
tepid  water  is  obtainable  in  the  bathroom  after  an 
excessive  quantity  of  coal  has  been  burned. 

Drawbacks  to  the  range 
boiler  system. 

Whether,  however,  the  coal  range  boiler  is  efficient  or 
inefficient,  there  are  always  two  very  serious  drawbacks 
to  any  system  of  hot-water  supply  that  is  based  solely 
upon  a  coal-fired  range.  The  first  of  these  drawbacks 
is  that  (unless  the  storage  tank  is  most  carefully  insu- 
lated so  as  to  prevent  the  rapid  loss  of  heat  by  radia- 
tion, and  unless,  in  addition,  the  coal  fire  is  kept  going 
until  the  last  thing  at  night,  and  then  banked  up)  no  hot 
water  is  obtainable  at  short  notice  during  the  night  in 
case  of  emergency,  and  no  hot  baths  can  be  obtained 
in  the  morning  until  a  considerable  time  after  the 
kitchen  fire  has  been  lighted.  In  the  latter  case  if,  as 
frequently  happens,  a  late  start  is  made  with  the  morn- 
ing's work,  the  result  is  that  there  is  no  really'  hot 
water  available  for  shaving  or  baths,  and  the  household 
peace  is  consequently  disturbed. 

Discomfort. 

The  second  drawback  to  a  hot-water  supply  that 
depends  upon  the  kitchen  range  is  that  in  hot  weather, 
when  cooking  is  done  by  gas — or  in  houses  where  this 
medium  is  preferred  all  the  year  round — it  is  necessary 
either  to  do  without  hot  baths  and  an  adequate  general 
supply  of  hot  water,  or  to  burn  a  large  quantity  of  coal 
for  water-heating  purposes  only,  with  the  result  of 
making  the  kitchen  insufferably  hot  and  the  house 
uncomfortably  warm. 


Hot  water  a  necessity. 
Hot  water  in  illness. 

Now,  plentiful  hot  water  is  not  a  luxury  merely  :  it 
is  a  necessity  of  civilised  life.  Firstly,  there  is  personal 
hygiene  to  be  considered ;  a  healthy  body  must  be  a 
clean  body,  and  perfect  cleanliness  can  only  be  attained, 
at  any  rate  in  grimy  towns,  by  the  frequent  use  of  really 
hot  water.  Then  there  are  various  other  needs  of  the 
Household  :  kitchen  operations  demand  ever-ready  hot 
water,  the  nursery  and  its  small  inhabitants  cannot  get 
on  without  it,  and  in  cases  of  sudden  or  prolonged 
illness  it  is  invaluable.  The  life  of  many  a  baby  in 
convulsions,  for  instance,  has  been  spared  because  hot 
water  was  ready  to  hand ;  but  the  lives  of  not  a  few 
have  been  lost  because  it  took  too  long  to  boil  up  a 
kettle  over  a  coal  fire.  Then  again,  chills,  rheumatism, 
pneumonia,  pleurisy,  and  all  the  other  evils  that  so  often 
result  from  a  "  wetting,"  can  generally  be  averted  if 
a  good  hot  bath  be  taken  without  delay. 


The  coal  range  makes  labour  and 

is  unsatisfactory.     Its  wastefulness. 

The  coal  range  as  a  means  for  obtaining  all  this 
necessary  hot  water  is  unreliable  at  best,  because  it 
needs  so  much  human  attention  in  the  form  of  raking- 
out,  stoking  and  arrangement  of  dampers,  and  when 
it  fulfils  the  dual  function  of  cooker  and  water-heater  it 
is  hopeless  to  expect  satisfactory  results  from  it.  For 
the  heat  available — which  is  very  little  in  proportion 
to  the  amount  of  coal  consumed — is  always  cooking 
the  dinner  when  it  should  be  raising  the  temperature 
of  the  water,  and  vice  versa.  Not  even  a  coal  range 
can  successfully  serve  two  masters ;  and  so  when  the 
cook  wishes  to  use  it  for  preparing  the  evening  meal 
at  the  very  hour  when  the  nurse  is  trying  to  get  hot 
water  for  the  children's  baths,  difficulties  are  bound  to 
ensue. 


The  solution — an  independent 
water-heater. 

The  only  satisfactory  solution  is  to  instal  one 
or  other  of  the  separate  water-heaters,  independent 
of  the  coal  range,  which  have  been  put  upon  the  market 
by  the  gas  industry. 


Expansion  and  contraction   of  liquids  with   temperature.— Theoretical  difficulty  of 
defining    temperature.-- Maximum    density    of    water.      Consequences     in    nature, 

formation  of  ice. 
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PART  II.— LESSON  49. 


GAS    FOR   WATER-HEATING 


The  four  kinds  of  water-heater. 

(See  booklet  "Ever-Ready  Hot-Water.") 

There  are  four  principal  methods  of  obtaining  hot 
water  other  than  by  the  kitchen  range  boiler — the 
Circulating  Boiler,  the  Storage  Boiler,  the  Califont  and 
the  Geyser.  The  choice  amongst  these  four  has  to  be 
guided  to  a  large  extent  by  the  type  of  dwelling  for 
which  the  water-heater  is  required  and  by  the  nature 
of  the  hot -water  system  already  existing  there. 


The  necessity  for  lagged  pipes. 

Before  we  pass  to  a  consideration  of  these  four 
varieties,  however,  it  is  necessary  to  emphasise  a  point 
which  concerns  every  type,  old  as  well  as  new,  of 
household  hot-water  supply.  In  order  to  retain  all  the 
heat  possible,  the  hot-water  pipes  which  are  fixed  all 
over  a  house  to  serve  taps,  sinks  and  baths,  not  only 
in  the  kitchen  quarters  but  on  the  other  floors  also, 
shruld  be  lagged — that  is,  cased  in — with  material 
which  prevents  any  heat  escaping  from  them. 

Housewives  who  have  not  studied  this  question  some- 
times prefer  to  have  the  hot- water  service-pipes  left 
uncovered,  on  the  ground  that  they  help  to  keep  warm 
all  the  rooms  on  that  particular  side  of  the  house.  This 
idea  is,  however,  mistaken  from  three  points  of  view. 


Uncased  pipes  waste  heat. 

First,  it  wastes,  on  a  secondary  purpose,  valuable 
heat  which  is  needed  for  the  one  specific  purpose  of 
hot-water  supply.  If  some  extra  warmth  is  wanted  to 
take  the  chill  off  the  house,  it  is  better  to  have 
"  radiators  "  at  certain  points,  either  joined  to  or 
independent  of  the  hot-water  supply,  and  to  have  the 
pipes  lagged  in  the  proper  way,  in  order  to  prevent 
dissipation  of  any  portion  of  the  heat  required  to 
maintain  a  sufficiency  of  hot  water. 


Unlagged  pipes  waste  fuel 
and  money. 

Secondly,  the  exposure  of  hot-water  pipes  is  a  direct 
waste  of  fuel  and  therefore  of  money.  It  has  been 
calculated  that  the  old-fashioned  plan  of  leaving  pipes 
uncovered  is  responsible  for  consuming  at  least  one- 
third  as  much  more  fuel  (whether  it  be  solid  or  gaseous) 
as  would  be  consumed  in  the  same  type  of  house  if 
every  ounce  of  value  was  obtained  from  the  fuel. 


Unlagged  pipes  are  unpleasant 
in  summer. 

Thirdly,  the  exposure  of  pipes  is  Very  inconvenient 
and  unpleasant  in  summer  time,  when  hot  water  is 
just  as  necessary  as  in  winter. 

I.— The  "circulator." 

We  may  now  return  to  the  four  varieties  of  water- 
heater.  In  dwellings  where  there  is  already  a  hot- 
water  system  in  operation,  with  the  range  boiler  as  the 
source  of  supply,  and  the  pipes  are  satisfactory,  all 
that  is  necessary  is  to  instal  a  gas-heated  boiler — 
usually  known  as  a  "  circulator  " — by  the  side  of 
the  kitchen  range,  and  connect  its  pipes  with  the  flow 
and  return  pipes  from  the  coal-range  boiler,  with  the 
working  of  which,  incidentally,  the  circulator  does  not 
in  any  way  interfere.  A  supply  of  hot  water  is  then 
continually  passing  and  repassing  through  the  pipes 
and  can  be  drawn  off  at  any  point  in  the  house. 

Coke-heated  circulators. 

These  circulating  boilers  can,  if  desired,  be  heated  by 
coke  instead  of  gas.  For  supplying  hot  water  on  a 
large  scale  for  constant  use,  coke  is  cheaper  than  gas, 
if  only  the  actual  cost  of  fuel  be  taken  into  account. 
But  gas  is  preferable  in  all  flats,  large  or  small,  when 
each  tenant  provides  his  own  hot  water,  and  in  all 
small  houses — particularly  where  the  mistress  runs  her 
house  unaided,  since  the  need  for  storage  room  is 
thereby  dispensed  with,  and  all  dirty  work  avoided. 
In  many  large  houses  and  mansions,  again,  the  owners 
prefer  to  spend  money  on  modern  labour-saving 
appliances  rather  than  on  wages,  and  so  use  gas  in 
preference  to  coke ;  while  in  hotels  and  institutions 
storage  room  for  bulky  and  solid  fuel  is  often  more 
costly  than  a  gas  bill. 

Where  coke  is  to  be  recommended. 

Coke  is,  however,  to  be  recommended  for  flats  where 
the  landlord  heats  the  whole  of  the  water  from  a 
furnace  in  the  basement  and  adds  a  fixed  charge  as  part 
of  the  rent ;  and  for  large  institutions,  schools,  etc. , 
where  storage  room  is  ample  and  no  saving  in  care- 
taker's wages  would  be  effected  if  gas  were  used 
instead  of  coke.  But  in  schools  it  is  advisable  to 
have  a  califont  or  geyser  under  the  direct  control  of 
the  Head  Mistress  or  the  Domestic  Economy  Mistress 
for  special  purposes  or  for  use  when  the  main  furnace 
is  not  working.  This  is  especially  useful  for  groups 
of  lavatory  basins  or  for  cooking  or  laundry  sinks  only 
needed  occasionally.  The  gas  is  just  used  as  and  when 
wanted  without  trouble  and  without  waste. 


Illustrated  pamphlets  on  the  Kitchen  Uses  of  Gas  Coke  will  be  sent  on  application  by  the  British  Commercial  Gas 
Association  to  any  teacher  using  this  series  of  lessons  if  the  number  of  the  lesson  be  quoted. 
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PART  II.— LESSON  50. 


GAS    FOR    WATER    HEATING 


BLACKBOARD, 


Up  /bhofs/oragefank  —f  I 


\     \ 


e  hot  storage  lank  is  upstain. 


When  fhehot  sforadeisin.ftirch.tfri  orSculleru. 

" J 


FIG.  VI.  (to  illustrate  Lesson  49.) 

These  illustrations  show  range  boiler,  gas  boiler  or  "  circulator,"  hot  storage  tank  and  the  circulating 
pipes  between  them.  The  water,  when  heat  is  felt,  circulates  between  boilers  and  storage  in  the 
directions  shown  by  the  arrows.  The  circulation  is  due  to  heat  expanding  the  water  particles  so  that, 
bulk  for  bulk,  the  colder  water  is  the  heavier  of  the  two,  and  this  effects  the  movement,  (a)  is  the 
range  boiler,  (b)  gas  boiler,  (c)  storage  tank,  (d)  hot  ascending  water  or  "  flow "  pipe,  (e)  cooler 
descending  water  or  "  return  "  pipe.  The  flow  pipe  connections  are  at  high  points  in  boiler  and 
tank  ;  the  return  pipes  close  to  the  bottom  of  each. 

The  gas  boilers  are  connected  so  that  the  water  may  be  heated  by  the  range  fire,  or  by  gas, 
either  separately  or  both  together  according  to  demand. 

When  the  storage  is  upstairs  the  pipes  from  the  gas  boiler  are  joined  to  the  pipes  from  the  range 
boiler,  flow  to  flow,  return  to  return,  by  "  pitcher"  tees,  or  by  45  degree  branches,  not  by  ordinary 
right  angle  tees.  The  junctions  are  made  at  or  near  the  ceiling,  not  lower  down.  This  is  to  prevent 
the  water  from  one  boiler  circulating  through  the  other,  a  trouble  known  as  inter. circulation.  With 
this  form  of  apparatus — known  as  the  "  tank-system  " — the  draw-off  branches  are  taken  from  the 
flow-pipe  as  at  (h.) 

When  the  storage  tank,  usually  a  cylinder,  is  in  the  kitchen  or  scullery  it  is  not  desirable,  nor 
always  possible,  to  connect  to  the  range  pipes,  as  this  would  result  in  a  tendency  to  inter-circulation. 
The  accepted  best  plan  is  as  illustrated.  The  pipe  (/)  is  an  alterna- 
tive return  connection  when  the  cylinder  has  no  manlid  to  allow  of  the 
regular  connection  (e).  The  alternative  connection  joins  the  range 
return  by  a  "  pitcher  "  tee.  (/)  is  a  draw-off  branch,  these  branches 
being  taken  from  the  expansion  or  exhaust  pipe  (g).  The  cold 
supply  pipe  (?)  replenishes  the  storage  when  any  water  is  drawn  from 
the  hot  taps.  This  form  of  apparatus  is  known  as  the  "  cylinder- 
system." 


For  the  economical  use  of  gas  for  domestic  hot  water  supply 
every  gas  boiler  should  be  fitted  with  a  Thermostat.  This  is  fixed  in 
the  return  pipe  to  the  gas  boiler  at  (k). 


The  above  sketch  shows  the 
circulation  that  takes  place 
in  a  saucepan  or  kettle  of 
water  when  placed  over  a  gas 
burner  or  other  source  of  heat. 


PART  II.— LESSON  51. 


GAS    FOR    WATER   HEATING—  continued. 


BLACKBOARD. 


FIG.  V.  (to  illustrate  Lesson  49). 


This  illustration  shows  a  coke 
fired  boiler,  (a)  is  the  grate  upon 
which  the  coke  is  consumed. 

(b)  is  the  flue  pipe  for  carrying 
off  the  products  of  combustion. 

(c)  and  (d)  are  the  flow  and  return 
pipes   respectively.      The   water 
ascends  from  (c)  to  the  storage 
tank  and  descends  from  the  tank 
to   (d).     (e)  is  the  door  through 
which  the  furnace  is  replenished 
with   fuel.     (/)  is  the  door  for 
gaining  access  to  the  grate  and 
clearing  away  the  ashes  and  dust. 
It  will  be   seen  that   the  water 
forms   a  complete  jacket   round 
the  furnace,  so  that  only  a  mini- 
mum amount  of  heat  is  lost. 

The  arrows  (g)  and  (h)  indicate 
the  direction  of  the  circulation 
of  the  water. 


PART  II.— LESSON  52. 


GAS   FOR  WATER   HEATING— continued. 


The  coke  furnace  as  refuse 
destructor. 

The  coke-fired  boiler  is  very  useful  in  that  it  can  act 
as  a  crematorium  for  household  refuse.  The  problem 
of  refuse  disposal  is  a  difficult  one  in  houses  where  the 
kitchen  coal  range  has  been  abolished,  and  even,  during 
summer  especially,  in  less  up-to-date  households  where 
coal  is  still  used.  Where  cooking  and  heating  are  done 
by  means  of  smokeless  fuel  it  is  essential  for  the  sanitary 
disposal  of  refuse  that  there  should  be  installed  either 
a  coke  furnace  or  one  of  the  gas-heated  refuse  destruc- 
tors commonly  known  as  "  incinerators,"  which  reduce 
household  garbage  to  a  fine  white  ash. 

The  coke  furnace  keeps  the 
kitchen  warm  in  winter. 

The  coke-fired  boiler  also  solves  a  difficulty  that 
presents  itself  in  winter  in  houses  where  the  coal  range 
is  not  used — the  adequate  warming  of  the  kitchen. 
Coke  furnaces  are  so  constructed  that  their  doors  can 
either  be  thrown  open  to  disclose  a  cheerful  blaze  or 
shut  in  summer  to  prevent  any  perceptible  heat  being 
radiated  into  the  room.  The  products  of  combustion 
are  carried  off  by  a  flue-pipe. 

The  kitchen  gas  fire. 

In  houses  where  the  cooking  and  water-heating  are 
both  done  by  gas,  a  small  gas-fire  or  gas  condensing 
stove  can  be  installed  in  the  kitchen  to  make  it  com- 
fortable on  winter  evenings,  when  the  servants  sit 
down  to  rest  after  their  day's  work. 

Gas  convenience  and  economy. 

Though  coke  has  its  advantages,  there  is  no  doubt 
that  gas  is  more  convenient.  Moreover,  the  gas-heated 
circulator  can  be  fitted  with  a  device  which  automatic- 
ally controls  the  gas  consumption,  and  ensures  that 
the  water  shall  not  be  raised  above  a  certain  tempera- 
ture. 

The  thermostat 

(Give  derivation.) 

This  device  is  known  as  the  "  thermostat,"  and  is 
necessary  for  two  reasons.  Firstly,  if  water  is  heated 
beyond  the  temperature  of  160°F.  chalky  deposits  are 
liable  to  be  thrown  down  and  may  cause  trouble  in 


the  boiler  and  in  the  pipes.  Secondly,  the  thermostatic 
valve  ensures  the  most  complete  economy  possible  in 
gas  consumption. 

Its  purpose. 

The  valve  is,  therefore,  so  constructed  and  regulated 
that  when  the  water  passing  through  it  reaches  a  certain 
temperature,  the  gas  supply  to  the  burners  is  auto- 
matically reduced,  no  more  being  consumed  than  is 
necessary  to  maintain  the  temperature  without  increas- 
ing it.  When  hot  water  is  drawn  off  at  any  point  'n 
the  circulating  system,  however,  and  cold  flows  in  from 
the  main,  up  goes  the  gas  immediately  until  the  water 
again  reaches  the  desired  temperature,  when  the  flame 
is  at  once  reduced  by  the  action  of  the  thermostat. 

Its  working 

(Illustrate  on  black-board.)* 

There  are  several  types  and  varieties  of  thermostat, 
but  the  principle  of  each  is  the  same — to  keep  the  water 
at  a  temperature  consistent  with  convenience  and 
economy.  One  of  the  simpler  types  consists  of  a  sealed 
tube  containing  special  oil.  This  oil,  when  heated  by 
the  water,  expands,  and  causes  a  small  capsule  at  the 
end  of  the  tube  to  deflect.  The  deflection  movement  is 
then  enlarged  by  a  "  multiplying  lever,"  the  magnified 
motion  of  which  acts  on  the  valve  which  regulates  the 
flow  of  gas  to  the  burners.  As  the  temperature  rises, 
then,  and  the  water  flowing  round  the  tube  heats  the 
oil,  the  valve-opening  is  accordingly  diminished  and 
less  gas  is  consumed ;  when  the  water  becomes  cooled 
by  an  inrush  from  the  main,  the  oil  contracts  again 
and  the  valve-opening  is  enlarged  to  let  more  gas 
through. 

II. — The  gas-heated  storage  boiler. 

This  thermostatic  control  is  also  obtainable  on  the 
second  type  of  gas  water-heater,  the  storage  boiler. 
This  is  suitable  for  installation  in  houses  where  a 
modern  and  satisfactory  system  of  "  supply  pipes 
connected  up  to  the  kitchen  range  boiler  does  not  already 
exist.  Gas  storage  boilers  are  constructed  with  a  holding 
capacity  of  from  (say)  ten  to  forty  gallons  of  hot  water, 
according  to  the  size  and  needs  of  the  house,  and  there 
is  a  direct  flow  from  them  to  the  hot-water  taps  on 
every  floor.  The  gas  consumption,  as  has  been  said, 
is  controlled  by  a  thermostatic  valve  in  the  manner 
already  described. 


*  For  Blackboard  illustrations  of  different  varieties  of  Thermostat  see  next  two  Lessons. 


Expansion  and  contraction  of  solids, — Peculiar  properties  of  crystals. — Magnitude 
of  forces   involved. — Application    to  correction  of  clocks  for  temperature. — Curious 

properties  of  alloys.     Invar, 
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PART  II.— LESSON  53. 


GAS  FOR  WATER  HEATING-con/miW. 


BLACKBOARD. 


FIG.  VI.   (to  illustrate  Lesson   52). 
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This  illustration  shows  one  form  of  thermostat.  The  tube  (a)  projects  into 
the" boiler  (b),  and  is  therefore  surrounded  by  water.  As  the  water  gets  hot  the 
tube  expands  lengthwise  and  carries  with  it  the  rod  (c)  which  in  turn  carries  the 
disc  valve  (d).  The  dotted  line  and  the  arrows  show  how  the  gas  flows  through 
the  thermostat  from  (/)  to  (e).  Therefore  as  the  tube  (a)  expands  in  the  direc- 
tion of  the  arrow  (g)  it  causes  the  disc  partially  to  throttle  the  flow  of  gas. 
When  the  water  cools,  the  tube  (a)  contracts  and  causes  the  disc  to  enlarge  the 
passage  for  gas.  So  we  get  a  definite  and  automatic  regulation  of  the  gas 
according  to  the  temperature  of  the  water.  This  ensures  economy  by  prevent- 
ing the  wasteful  burning  of  gas  after  the  water  has  been  sufficiently  heated. 


PART  II.— LESSON  54. 


GAS  FOR  WATER  HEATING— continued. 


BLACKBOARD. 


FIG.  VII.  (to  illustrate  Lesson  52). 


The  illustration  shows  another  form  of  thermostat.  The  water  flows 
through  in  the  direction  shown  by  arrows  (a  a)  and  the  flow  of  gas  is  shown 
by  arrows  (b  b).  The  tube  (c)  contains  oil  which  expands  and  contracts  in 
accordance  with  the  temperature  of  the  water  flowing  round  the  tube. 
The  expansion  and  contraction  act  on  a  flat  elastic  chamber  (d).  The  lever 
(e)  is  pivoted  at  (/)  so  that  the  chamber  (d)  expands  and  contracts,  the  disc 
(g)  opens  and  closes  the  gas  passage  (h).  In  this  way  the  gas  is  automati- 
cally regulated  according  to  the  requirements  of  the  water.  The  small 
space  (i)  is  packed  with  a  material  which  makes  a  perfectly  gas-tight  joint. 


PART  II.— LESSON  55. 


GAS  FOR  WATER  HEATING— continued. 


"  Instantaneous  "  water-heaters. 

The  last  two  types  of  gas  water-heaters  to  be  de- 
scribed are  constructed  on  the  "  instantaneous  "  prin- 
ciple as  opposed  to  the  "  boiler  "  principle  of  the  first 
two.  Of  the  instantaneous  water-heaters  the  geyser  is 
the  better  known. 


III.  -The  geyser. 

The  geyser  is  designed  to  supply  hot  water  at  short 
notice  and  in  a  continuous  quantity  at  any  given  point, 
such  as  a  bath,  a  lavatory  basin,  or  a  sink.  Geysers 
are  frequently  installed  in  houses  where  the  hot-water 
requirements  are  practically  limited  to  the  bathroom 
and  the  kitchen,  the  kitchen  supply  being  obtained  by 
means  of  kettles  on  the  gas  cooker,  or  pans  of  water 
heated  inside  the  oven  while  it  is  being  used  for  ccok- 
ing  food. 

The  usual  type  of  geyser  is  a  circular  boiler,  of 
varying  size,  connected  up  to  the  water  main.  The 
better  varieties  are  made  of  copper,  which  is  the  best 
heat-conducting  metal  known.  The  water  inside  is 
heated  as  and  when  required  by  lighting  a  number  of 
gas  jets  beneath. 

Geysers  are  highly  efficient  appliances,  absorbing  at 
least  80  per  cent,  of  the  heat  in  the  gas  consumed,  and 
can  be  used  with  perfect  safety,  provided  that  they  are 
fixed  to  an  adequate  flue  which  discharges  the  pro- 
ducts of  combustion  completely  outside  the  room.  The 
essential  principle  of  the  geyser  is  the  use  of  a  very 
large  quantity  of  gas  for  a  very  short  period  of  time; 
and  this  cannot  be  done  with  safety  in  a  small  and 
confined  space  such  as  generally  serves  for  a  bathroom 
unless  a  flue  is  used.  All  flueless  patents  pretending 
to  be  safe  should  be  avoided. 


Geysers  are  "fool-proof"  nowadays. 

There  were  many  accidents  in  the  past  arising  from 
the  carelessness  of  people  who  handled  geysers  without 
due  attention,  but  makers  nowadays  turn  out  what  are 
known  as  "  fool-proof  "  designs,  that  is,  absolutely 
safe  even  when  handled  by  people  who  know  very  little 
about  them.  But  all  modern  appliances,  from  delicate 
watches  to  high-power  motor-cars,  require  intelligence, 
care,  and  that  rare  commodity,  common  sense,  if 
money  is  not  to  be  wasted  and  accidents  are  to  be 
avoided. 

It  sometimes  happened  in  the  early  days  of  geysers 
that  the  gas  was  accidentally  turned  on  through  some- 
one knocking  against  the  tap,  and  other  such  causes; 
then  when  the  next  person  wanted  to  draw  hot  water 
and  applied  a  match  to  the  burners,  the  accumulation 
of  escaped  gas  caused  an  explosion,  often  with  fatal 
consequences. 


How  the  gas  supply  is  regulated. 

To-day  this  danger  is  obviated  by  various  contriv- 
ances. In  one  type,  for  example,  the  tray  containing 
the  gas  burners — there  are  a  large  number  of  them, 
so  that  heating  goes  on  evenly  all  over  the  surface — is 
arranged  so  as  to  swing  out  for  lighting.  In  the  centre 
is  what  is  known  as  the  "  pilot  light."  This  burner 
alone  can  be  lighted  at  first ;  then  the  tray  is  swung 
back  under  the  boiler. 


The  "pilot-light." 

Interlocking  gas  and  water  taps. 

This  burner  consumes  so  little  gas  that  even  if  it 
were  lighted  and  forgotten,  or  the  tap  supplying  it 
were  inadvertently  turned  on  and  the  gas  allowed  to 
escape,  no  dangerous  consequences  could  result.  The 
main  supply  of  gas  issuing  through  the  other  burners, 
which  are  lit  from  the  pilot  light,  is  controlled  by  a  tap 
which  interlocks  with  the  water  tap  in  such  a  way  that 
the  full  gas  can  never  be  turned  on  unless  the  water  is 
also  running,  and  directly  the  water  is  turned  off  again 
the  pilot  light  alone  is  left  burning. 

This  precautionary  device  makes  accident  a  practical 
impossibility,  especially  since,  in  the  more  modern 
types,  if  the  tray  chances  to  swing  out  with  all  its 
burners  fully  alight  the  arrangement  of  the  taps  ensures 
the  immediate  lowering  of  the  gas. 

Geysers  as  supplementary 
water-heaters. 

The  water  begins  to  run  hot  directly  the  gas  is  lit, 
and  continues  running  as  long  as  it  is  needed. 
"  Showers  "  and  "  sprays  "  can  be  fitted  to  geysers 
for  bathroom  use.  The  instanteous  nature  of  the  hot- 
water  supply  makes  a  bathroom  and  a  scullery  geyser, 
for  the  sake  of  extra  economy  in  running  costs  under 
certain  conditions,  very  desirable  adjuncts  to  a  house- 
hold in  which  the  hot  water  is  usually  supplied  from 
a  coke  or  gas  boiler. 

It  sometimes  happens,  say  in  holiday  time  or  in 
the  heat  of  summer,  that  the  coke  furnace  is  allowed 
to  die  down  or  the  gas  turned  completely  out  from  the 
big  main  boiler,  and  it  is  then  very  convenient  to  be 
able  to  obtain  hot  water  at  a  moment's  notice  from 
the  geyser.  It  would  obviously  be  waste,  for  instance, 
when  the  master  of  the  house  and  one  servant  were 
at  home  and  all  the  family  were  in  the  country  for 
weeks  to  keep  the  continuous  supply  of  hot  water  going 
all  over  the  house.  Yet  nobody  who  could  avoid  it 
would  care  to  go  back  to  the  primitive  use  of  kettles 
for  baths  and  for  washing  up  even  for  a  short  time. 
It  is  then  that  a  small  geyser  is  useful,  even  when  there 
is  a  "  constant  supply  "  boiler  for  general  use. 
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PART   II.— LESSON  56. 


GAS  FOR  WATER  HEATING— continued. 


BLACKBOARD, 


FIG.    VIII    (to  illustrate   Lesson   55). 

The  illustration  shows  the  construction  of  a 
geyser.  The  gas  is  burned  in  the  chamber 
(a),  (the  burner  is  not  shown)  the  heat  passing 
through  the  geyser  in  the  direction  shown  by 
the  dotted  line.  This  geyser  is  really  a  series 
of  cylinders  arranged  one  inside  the  other. 
The  water  first  passes  into  the  outer  cylinder 
(b),  then  into  the  central  one  (c),  and  finally 
into  the  intermediate  one  (d),  from  which  it 
emerges  through  the  spout  (e).  This  arrange- 
ment provides  a  large  heating  surface  and  is 
effective  in  utilising  practically  all  the  heat 
produced  by  the  burning  gas.  The  connec- 
tion between  the  central  chamber  (b)  and  the 
intermediate  one  (c)  is  through  tubes  (e  e) 
shown  in  dotted  lines ;  (/)  is  the  outlet  from 
which  the  products  of  combustion  are  led 
away  through  a  flue  pipe  (not  shown)  to  the 
outside  air. 


Fie.    IX   (to   illustrate   Lesson    55). 

D  V 


The  illustration  shows  how  gas  and  water 
taps  are  arranged  to  interlock  each  other.  It 
will  be  seen  that  the  gas  tap  lever  (a)  cannot 
be  moved  without  first  moving  the  water  tap 
lever  (b)  in  the  direction  of  the  arrow.  The 
moment  the  lever  (b)  is  moved  upwards  the 
water  begins  to  flow.  This  prevents  the 
damage  that  would  be  caused  if  the  geyser 
were  boiled  dry,  as  a  result  of  the  gas  being 
turned  on  without  the  water. 


PART  II.— LESSON  57. 


GAS  FOR  WATER   HEATING-con/maa/. 


Two  forms  of  geyser. 

There  are  two  distinct  forms  of  geysers : — 

(1)     Geysers     constructed     on     the     "  sealed  " 
system ; 


(2)    Geysers      constructed      on      the 
system. 


open 


In  the  "  sealed  "  kind  the  water  chambers  are  sealed 
from  contact  with  the  products  of  combustion  from  the 
burnt  gas,  and  the  water  from  this  type  of  geyser 
may  be  used  for  drinking  as  well  as  for  bathing  pur- 
poses. In  the  "  open  "  type,  on  the  other  hand,  the 
products  of  co'mbustio'n  (sometimes  maliciously  termed 
fumes)  from  the  burnt  gas  come  in  contact  with  the 
water,  which  is  therefore  not  sufficiently  pure  to  drink. 


A  hot  bath  for  less  than  a  penny. 

The  "  unsealed  "  type  of  geyser  is  the  cheaper,  but 
the  better  quality  when  it  can  be  afforded  is  the  cheaper 
in  the  end.  With  a  really  good  appliance  it  is  quite 
possible,  taking  the  price  of  gas  at  5s.  per  1,000  cubic 
feet,  to  obtain  a  hot  bath  (30  gallons  of  water)  at  a 
cost  of  something  le?.s  than  two  pence  a  bath.  This, 
whilst  it  is  cheap  and  puts  hot  bathing  within  the  reach 
of  the  working  man's  "family,  does  not  get  down  to  the 
popular  figures  given  for  Japan,  where  the  price  of 
a  public  hot  bath  is  half  a  farthing  !  No'  wonder  that 
it  is  said  that  in  the  summer  months  labourers  in 
Japan  often  take  two  baths  a  day  ! 


IV.— The  califont. 

(Give  derivation). 

The  fourth  and  last  variety  of  gas  water-heater  to  be 
discussed  here  is  a  variant  of  the  geyser  principle 
known  as  the  "  califont." 

The  califont  is  an  apparatus  designed  to  heat  water 
and  distribute  it  practically  instantaneously  to  any  hot- 
water  tap  in  the  house  connected  to  it.  (In  this  it 
differs  from  a  geyser,  the  hot  water  from  which  isjues 
through  a  pipe — a  kind  of  open  tap  on  the  geyser 
itself — directly  into  the  bath,  sink,  etc.) 

Its  working. 

The  gas  valve  of  the  califont  is  operated  by  water 
pressure,  so  that  directly  a  hot-water  tap  is  turned 
on  anywhere  in  the  house,  the  gas,  which  was  pre- 
viously alight  but  turned  very  low,  goes  up  to  its  full 
extent  and  heats  a  large  quantity  of  water  very  quickly, 
on  the  same  principle  as  that  of  a  geyser. 


Bunsen  and  luminous  burners  for 
water  heating. 

When  discussing  gas  for  cooking  we  noted  that 
Bunsen  burners  alone  could  be  used  on  cookers,  be- 
cause a  luminous  flame  brought  into  contact  with  cold 
metal  caused  the  formation  of  soot.  In  the  case  of 
water-heaters  Bunsen  burners  and  luminous  burners 
are  both  used,  according  as  the  construction  of  the 
apparatus  renders  one  or  the  other  advisable. 

It  now  remains  to  take  a  general  view  of  the  water- 
heating  question.  To  sum  up  we  may  say  : — 

(1)  That  the  divorce  of  the  hot-water-heater  from  the 
cooking  stove  is  a  fundamental  necessity  for  all  modern 
houses  and  flats. 

(2)  That  where  there  is  already  a  modern  and  satis- 
factory installation  of  supply  pipes  connected  up  to  the 
kitchen  range,   a  "  circulator  "   is,   as  a  general  rule, 
the  best  appliance  to  adopt. 

(3)  That    where    there    is    not    already    a    hot-water 
"  flow    and    return  "    system    to    which    to    attach    a 
"circulator,"  a  geyser — where  a  continuous  supply  of 
hot  water  is  not  needed — or  otherwise  a  storage  boiler 
or    a    califont    supplying    all    the    taps — is     the    most 
economical    as   well    as    the   most    effective   system    to 
adopt. 

(4)  That   when   a  new   house   is   to  be  built   all   the 
possible    systems    should    be   carefully    considered,    not 
only  before  building  but  before  planning. 

(5)  That  when  a  new  house  is  taken,  the  hot-water 
system    should    previously    be    carefully    examined    (in 
view  of  the  build  of  the  house,  the  size  of  the  family, 
and   the   income  of   the   tenant)   by    some   independent 
adviser  like  those  employed  by  the  various  gas  com- 
panies, and  not  by  some  individual  manufacturer  of  one 
patent  system,  and  then  the  best  system  for  the  circum- 
stances insisted  upon  before  the  lease  or  agreement  is 
signed.      It  is  of  no  use  to  raise  a  point  such  as  this 
when   the  landlord  is  already   sure  of  his  tenant,   and 
when  money  matters  have  been  adjusted  on  the  sup- 
position  that   he   is   to   be   put   to  no  expense   in   this 
direction. 


The  gas  water  heater  means 
domestic  peace. 

A  satisfactory  gas-heated  hot-water  supply  goes  far 
towards  ensuring  domestic  peace.  It  lightens  work 
for  all  the  womenfolk  of  the  house,  it  increases  comfort 
for  everybody,  and  it  is  not  extravagant — none  of 
which  commendations  can  be  applied  to  the  ordinary 
coal-range  system. 
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PART  II.— LESSON  58. 


GAS  FOR  LAUNDRY  WORK. 


Economise  on  laundry  bills. 

We  are  all  having  to  economise  nowadays,  and  shall 
have  to  do  so  for  many  years  to  come ;  and  a  very  good 
way  to  save  money  is  to  do  as  much  as  possible  of  the 
weekly  washing  at  home.  Laundries  are  expensive, 
especially  to-day,  when  the  cost  of  their  "raw  material" 
has  gone  up  so  alarmingly  ;  and  the  wear  and  tear  from 
which  articles  suffer  in  the  various  mechanical  pro- 
cesses of  professional  laundry  work  considerably 
shortens  the  "  life  "  of  clothes,  household  linen,  and 


"  Washing-day  " — old  fashion. 

It  is,  therefore,  a  double  saving  to  do  the  bulk  of  the 
laundry  work  at  home.  But  "  washing-day  "  in  the 
average  household  is  a  time  of  terror.  The  copper 
fire  either  refuses  altogether  to  burn,  or  pours  out 
soot  and  smoke  impartially  on  clean  and  dirty  linen 
and  on  anything  else  that  comes  within  its  radius; 
while  the  steam-filled  atmosphere  of  the  scullery  and 
kitchen  is  both  unpleasant  and  dangerous. 

The  next  day  is  usually  devoted  to  ironing,  an 
equally  lengthy  and  difficult  job  when  the  irons 
have  to  be  heated  on  a  coal  fire,  which  "  soots  them 
up"  so  effectually  that  every  fresh  iron  needs  some 
minutes'  cleaning  before  it  is  fit  to  use  on  the  newly- 
washed  articles.  These  minutes  soon  mount  up  into 
a  considerable  total  of  wasted  time  and  energy. 

"  Washing-day  " — new  fashion. 

There  are,  however,  modern  methods  of  washing 
and  ironing  which  ensure  that  the  weekly  task  is 
accomplished  with  the  minimum  of  trouble,  discomfort 
and  time-expenditure. 


The  gas-heated  wash  copper. 

First,  a  gas-heated  wash-copper  can  be  substituted 
for  the  old-fashioned  coal-fired  variety.  These  coppers, 
which  are  raised  on  legs,  can  be  procured  in  various 
sizes  according  to  the  needs  of  the  house.  The  gas 
heats  the  water  speedily,  producing,  of  course,  no  soot 
or  smuts  meanwhile,  and  the  steam  and  the  products 
of  combustion  are  carried  off  through  a  flue-pipe,  so 
that  the  atmosphere  is  not  in  the  least  degree  con- 
taminated. When  the  washing  operations  are  over, 
the  dirty  water  runs  away  through  a  tap  in  the  bottom 
of  the  copper. 

Other  uses  for  the  copper. 

Where  a  gas-heated  copper  is  installed,  washing-day 
need  have  no  terrors.  And  the  copper  is  useful  in 
other  ways,  too,  notably  for  boiling  such  things  as 
hams,  Christmas  puddings,  and  the  like.  It  is  also  a 
means  of  providing  fairly  large  quantities  of  hot  water 
quickly,  where  no  other  facilities  of  the  kind  exist. 
The  most  practical  coppers  are  those  which  have  a 
galvanised  interior;  the  enamel  linings  seen  in  some 
are  apt  to  crack  with  the  heat. 

The  gas-heated  iron. 

Internally-heated  irons. 

Second  only  in  value  to  the  gas-heated  copper  are 
gas-heated  irons,  which  should  be  found  in  every  house 
where  washing  of  any  kind  is  done  at  home.  The  gas 
jets  are  actually  inside  the  iron  itself,  and  the  iron 
connected  to  the  gas  supply  by  flexible  tubing.  The 
construction  of  these  irons  ensures  perfect  combustion, 
and  all  soot  and  smell  are  obviated.  The  required  heat 
can  be  obtained  with  a  very  small  consumption  of  gas. 
As  the  heat  can  be  readily  controlled,  no  waste  takes 
place.  By  this  means  ironing  can  be  accomplished  with 
speed,  cleanliness  and  the  minimum  of  trouble. 
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GAS  FOR  WATER  HEATING— continued. 


BLACKBOARD. 


FIG.  XL  (to  illustrate  Lesson  58). 


Fig.  XL  shows  an  internally  heated  gas  iron.  The  gas  is  led  to  the  iron 
by  a  piece  of  flexible  tubing  (a)  and  burns  as  a  bunsen  flame  (b).  The  flame 
heats  the  base  of  the  iron  and  will  maintain  it  at  a  working  temperature  for 
any  length  of  time.  The  base  of  the  iron  where  the  flame  impinges  is 
made  with  studs  which  project  about  J  inch  upwards  :  one  is  shown  at  (c) 
but  actually  the  base  of  the  iron  is  covered  with  them.  They  help  the 
flame  in  heating  up  the  iron. 

The  products  of  combustion  ascend  to  the  space  above  the  division 
plate  (d)  and  then  escape  through  openings  round  the  side  of  the  iron. 
The  handle  (<?)  is  made  of  wood  so  that  the  iron  can  be  held  with  comfort 
when  it  is  fully  heated.  FIG.  X.  (to  illustrate  Lesson  19). 

Fig.  X.  shows  a  combined  gas  and  water  valve.  This  is  attached  to  the  side  of  geysers.  When  the 
water  tap  is  turned  on  the  water  flows  in  at  (a),  lifts  the  disc  valve  (b)  and  passes  through  the  outlet  (c) 
and  then  into  the  geyser.  The  disc  (d)  controls  the  gas  which  flows  from  (g)  to  (h)  and  is  connected  to 
the  disc  valve  (b)  by  a  rod  (e).  In  this  way  the  opening  and  closing  of  the  valve  (d)  depend  upon  and 
are  coincident  with  the  flow  of  water.  No  water  no  gas,  and  vice  versa.  From  (h)  the  gas  flows  to  the 
geyser.  This  combined  valve  is  better  than  interlocking  taps  because  it  depends  on  the  actual  flowing  of 
the  water. 

The  rod  (e)  is  fitted  with  a  spring  (not  shown)  which  causes  the  disc  valve  to  drop  to  the  shut  position 
when  the  water  flow  stops.  A  special  joint  is  provided  at  (/)  which,  while  allowing  the  rod  (<?)  to  move 
freely,  prevents  water  from  passing  down  into  the  gas  chamber  below. 


PART  II.— LESSON  60. 


THE  GAS  TAP. 


The  gas  tap 

(For  illustration  see 
lesson  61). 

From  the  preceding  lessons  we  have  seen  that  one  of 
the  most  important  practical  features  of  gaseous  heat- 
ing is  the  ease  with  which  the  rate  of  combustion  (and 
therefore  the  rate  of  production  of  heat)  can  be  effected. 
For  this  reason  no  gas  apparatus  is  complete  without 
some  form  of  tap. 

Construction. 

The  ordinary  tap,  such  as  is  used  on  nearly  all  gas- 
consuming  apparatus,  consist  of  two  chief  parts,  the 
barrel  or  outer  shell  and  the  plug  or  rotary  part.  The 
plug  has  a  hole  bored  through  it  so  that  when  it  is 
turned  with  the  handle  in  a  certain  direction  the  gas  is 
emitted ;  when  the  handle  is  turned  through  an  agle 
of  90°  the  hole  in  the  plug  is  turned  right  away  so 
that  the  gas  can  no  longer  pass ;  that  is,  the  tap  is 
shut  off. 

Regulating  the  consumption. 

There  are,  of  course,  a  variety  of  intermediate  posi- 
tions for  the  plug  which  provide  a  variety  of  gas  con- 
sumptions, and  in  this  respect  the  gas  tap  is  a  really 
remarkable  piece  of  apparatus,  inasmuch  as  such  in- 
finite regulation  of  heat  is  not  possible  with  either 
solid  fuel  or  electricity. 

The  "nighting  pin" 
a  safeguard. 

The  plug  is  fitted  with  what  is  called  a  "  nighting 
pin,"  so  arranged  that  when  the  handle  is  turned  to  the 
"  off  "  position  the  pin  reaches  a  notch  and  prevents 
the  plug  being  turned  further  in  that  direction.  Thus 
when  the  tap-handle  comes  to  a  definite  stop  it  is  a 
proof  that  the  gas  is  completely  shut  off.  If  the  night- 
ing pin  were  not  used  it  would  be  possible  to  turn  the 
tap  beyond  the  "  off  "  position  and  thus  "  on  "  again; 
and  so  it  would  be  necessary  to  notice  carefully  that 
the  handle  was  exactly  at  right  angles  to  the  line  of  the 
pipe.  With  a  nighting  pin  this  precaution  is  not  needed. 


The  separate  handle. 

It  is  sometimes  desirable  to  have  the  handle  separate 
from  the  tap.  The  plug  of  the  tap  can  then  be  turned 
to  any  desired  extent  and  the  handle  removed.  This 
ensures  that  no  unauthorised  person  can  alter  the  tap. 
Sometimes  the  tap  is  so  arranged  that  the  handle  can 
be  secured  in  the  required  position  by  a  padlock. 


Interlocking  taps. 

In  some  water-boilers  the  gas  and  water  taps  are 
"  interlocked "  (see  Lesson  56)  to  prevent  an  absent- 
minded  or  careless  person  from  lighting  the  gas  with- 
out turning  on  the  water,  an  act  which  would  seriously 
damage  and  perhaps  ruin  the  boiler  by  causing  it  to 
boil  dry. 


Automatic  taps. 

Gas  taps  are  sometimes  rendered  automatic  (see 
Figs.  VI.,  VII.  and  IX.,  Lessons  52-53  and  56).  The 
first  two  are  operated  by  temperature,  the  third  by  the 
flow  of  water. 


Duplex  taps. 

Sometimes  gas  taps  are  made  in  a  double  form  called 
"  duplex."  The  plug  in  this  case  has  two  gas-ways  or 
passages,  and  controls  two  separate  supplies  in  such 
a  way  that  either  one  or  both  can  be  shut  off  at  will. 


By-pass  taps. 

There  are  also  by-pass  taps  which,  when  the  handle 
is  in  the  "  off  "  position,  allow  a  very  small  quantity  of 
gas  to  pass,  just  sufficient  to  keep  a  small  jet  of  gas 
burning.  This  jet  is  called  the  "  pilot  flame  " — (see 
Lesson  55) — it  automatically  lights  the  gas  when  the 
tap  is  turned  on,  and  so  avoids  the  necessity  for  matches 
and  tapers. 
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PART  II.— LESSON    61. 


THE    GAS    TAP— continued. 


BLACKBOARD. 

FIG.  XII.  (to  illustrate  Lesson  60). 


(a)  is  the  barrel  or  outer  shell. 

(b)  is  the  plug. 

(c)  is  the  hole  bored  in  the  plug-  so  that  when 

the  handle  (d)  is  turned  "  on  "  (as  in 
sketch)  the  gas  can  flow  from  (c)  to  (f) 
or  from  (/)  to  (e),  according  as  the  tap  is 
arranged  on  the  pipe.  When  (d)  is 
turned  through  an  angle  of  90°  to  the 
"  off  "  position,  (c)  is  turned  right  away 
from  (e)  and  (/),  and  gas  can  no  longer  pass. 


(g)  is  a  nut  which  fits  (b)  securely  into  (a). 
(b)  is  slightly  conical,  and  (<i)  and  (b)  are 
both  ground  so  as  to  fit  one  another 
exactly. 

(//)  is  the  nighting-pin,  which  fits  into  the 
notch  (t)  when  the  handle  is  turned  "off." 

(/')  is  the  detachable  handle,  and  the  hole  (fe) 
fits  over  (/),  which  is  made  with  a  square 
top  for  this  purpose. 


PART  II.— LESSON  62. 


Three  classes  of  gas  heater. 

The  instruments  by  which  the  potential  heating  pro- 
perties of  gas  are  converted  into  actual  heating  effect 
may  be  divided  into  three  classes :  those  depending  on 
(a)  radiation,  (b)  convection,  and  (c)  a  combination  of 
both. 

It  is  very-  important  to  understand  the  exact  distinc- 
tion between  the  two  terms  "  radiation  "  and  "  con- 
vection." 

(a)  Radiation. 

(a)  Radiant  heat  is  the  kind  of  warmth  produced  by 
the  sun's  rays,  which  do  not  raise  the  temperature 
of  the  air  through  which  they  pass.  Radiant  heat  must 
originate  with  a  substance  in  a  istate  of  incan- 
descence (e.g.,  the  sun,  red-hot  or  white-hot  coal,  logs 
,or  peat  in  an  open  fire,  and  red-hot  or  white-hot  fire- 
clay in  a  gas  fire,  but  except  in  an  almost  negligible 
degree  not  the  hot  metals  surrounding  the  fires  nor  the 
iron  of  hot-water  pipes,  which  heats  almost  entirely 
by  convection),  and  can  only  act  upon  a  solid.  Hence 
a  hot,  solid  body  will  heat  by  radiation  any  other  solid 
bodies  within  its  range  of  effectiveness — as,  for 
example,  an  open  fire  heats  the  persons  and  furniture 
in  a  room — while  the  intervening  air  is  unaffected  by 
the  rays  and  is  only  indirectly  warmed  by  its  own 
contact  with  the  heated  objects. 

The  hygiene  of  radiation. 

Radiant  heat  is  the  most  healthful  form  of  heat, 
because  it  is  essential  that  human  beings  should  have 
a  pure,  cool,  non-stagnant  air  for  respiration,  and  the 
quantity  of  oxygen  in  any  given  volume  of  air  is  pro- 
portionate to  its  temperature.  Therefore  a  heating 
arrangement  which  warms  the  floor,  the  walls,  the 
furniture,  and  the  human  body  sufficiently  for  comfort, 
and  at  the  same  time  keeps  the  air  cool  and  moving, 
is  the  ideal.  These  conditions  are  satisfied  when  a 
room  is  warmed  by  means  of  radiant  heat ;  moreover, 
the  appearance  of  glowing  bodies  from  which  heat-rays 
emanate  is  so  cheerful  that  it  gives  a  pleasing  appear- 
ance of  warmth  and  comfort. 


"  Moisture  hunger  " 


(b)  Convection, 
of  hot  air. 

(b)  In  the  case  of  convected  heat,  currents  of  air 
are  passed  over  heated  surfaces,  and  in  their  passage 
they  absorb  heat.  The  heated  air  then  ascends  and  sets 
up  a  more  or  less  gentle  motion  in  the  air  of  the  room, 
but  it  is  not  capable  of  imparting  much  heat  to  the 
walls,  floor  and  furniture,  leaving  them  cold  to  the 
touch  The  effect  of  the  heating  and  consequent  expan- 
sion of  the  air  is  felt  in  the  lessened  quantity  of  oxygen 
present ;  this  reacts  upon  the  human  organism,  causing 
sleepiness  and  a  sense  of  oppression.  Moreover,  the 


heightened  temperature  of  the  air  increases  its  capacity 
and  desire  for  moisture  so  that  it  seizes  upon  the 
moisture  in  the  eyes,  the  skin,  and  the  membranes  of 
the  nose  and  throat.  A  sensation  of  dryness  and  stuffiness 
is  the  result. 

The  question  of  radiant  and  convected  heat  is  very 
important  in  regard  to  the  modern  gas  fire,  which  will 
be  discussed  in  a  subsequent  lesson. 

Heating  by  hot  air  (convection)  is  considerably 
cheaper  than  by  radiation,  and  is  the  most  convenient 
way  of  warming  large  and  adequately-ventilated  halls, 
churches,  theatres,  etc.,  to  which  open  fires  are  obvi- 
ously inapplicable.  Heating  by  convection  may  also 
be  adopted  for  passages,  halls,  shops  and  other  places 
where  there  is  considerable  movement  and  air-space  is 
not  restricted. 


(c)  Combination. 

It  can  also  be  usefully  combined  with  radiation  in 
ordinary  radiant  gas  fires  fitted  with  tubes,  the  air  in 
which  is  drawn  either  from  the  room  or  from  outside 
by  means  of  special  shafts  and  then  subjected  to  the 
heating  effect  of  the  fire  and  the  products  of  combus- 
tion. 


The  history  of  gas  heating. 

The  general  use  of  town's  gas  as  fuel  for  domestic 
purposes  cannot  be  dated  much  further  back  than  the 
Crystal  Palace  Electric  and  Gas  Exhibition  of  1882,  at 
which  period  gas  lighting  was  used  almost  as  much  for 
the  warmth  as  for  the  illumination  it  afforded. 

It  may  be  said  that  the  idea  of  using  gas  for  warm- 
ing interiors  originated  with  its  use  for  lighting  them, 
and  that  the  earliest  gas-heating  appliances  were  just 
ordinary  illuminating  burners  enclosed  in  casings  for 
safety,  and  made  to  be  fixed  on  the  floor. 


Hot  air  stoves. 

Many  varieties  of  such  appliances  are  still  on  the 
market.  The  simplest,  for  use  in  very  small  rooms, 
consists  of  a  number  of  screened  luminous  burners, 
the  heat  from  which  is  reflected  out  into  the  room  by 
sheet-copper  or  some  other  reflecting  metal.  Then 
there  are  hot-air  stoves,  in  which  fresh  air  is  passed 
from  an  enclosed  chamber  at  the  back  of  the  stove 
through  a  number  of  tubes  placed  over  the  burners, 
and  discharged  in  a  heated  condition  into  the  room. 
The  surfaces  which  impart  heat  to  the  passing  current 
may  themselves  be  heated  by  either  atmospheric  or 
luminous  gas  flames.  It  should  be  noted  that  the 
heating  power  is  exactly  the  same  for  a  given  volume, 
whether  the  gas  is  burned  in  a  Bunsen  burner  or  with 
a  luminous  flame,  given  perfect  combustion  in  each 
case, (See  Lesson  47  on  "  The  Bunsen  Burner.'"} 


70 


PART  II.— LESSON  63. 


GAS  FOR  HEATING— 


BLACKBOARD, 


(To   illustrate    Lesson    63.) 


•k 


Fig.  XIII.  shows  one  form  of  reflector  stove 
drawn  in  half  section  to  show  the  interior. 
The  apparatus  is  mainly  of  iron,  (d)  is  a 
strip  of  ruby  glass,  and  the  light  from  the 
flames  flickering  through  this  gives  the  stove 
a  cheerful  appearance,  (a)  is  the  burner  upon 
which  a  series  of  luminous  (not  bunsen)  flames 
burn,  (b)  being  one  of  them.  The  heat  radi- 
ated from  the  flames  is  directed  out  into  the 
room  by  means  of  the  slightly  corrugated 
polished  sheet  copper  reflector  (e)  as  shown 
by  the  dotted  lines  (h  h),  and  also  by  re-radia- 
tion from  the  fire-clay  tile  (c),  as  shown  by 
the  dotted  lines  (i  /').  The  casing  of  the  stove 
also  becomes  hot  and  transmits  heat  by 
means  of  warm  air  currents  (convection), 
which  ascend  in  the  manner  indicated  by  the 
wavy  lines  (k).  (/)  is  the  connecting  point  for 
the  supply  of  gas  to  the  burner. 


--, 


7 


e 


Fig.  XIV.  shows  a  hot  air  stove  arranged 
against  an  outer  wall  (w).  The  gas  burns  in 
a  series  of  bunsen  flames  (only  one  (a)  is 
shown).  The  hot  air  generated  ascends  into 
the  wavy  tubes  (only  one  (b)  is  shown,  but 
there  may  be  several),  imparts  its  heat  to  the 
metal  body  of  the  stove,  and  afterwards 
passes  away  through  the  outlet  pipe  (c)  into 
the  open  air.  The  cowl  (d)  serves  to  protect 
the  outlet  against  the  winds.  The  heating  of 
the  metal  of  the  stove  causes  fresh  air  from 
the  outside  to  enter  at  (e)  and  pass  upwards 
as  shown  by  the  arrows.  The  air  in  passing 
through  the  stove  gets  warmed,  and  on  leav- 
ing the  stove  at  the  top  enters  the  room  as 
warm  fresh  air.  The  opening  (/),  through 
which  the  warm  air  leaves  the  stove,  is 
covered  by  a  curved  plate  such  as  is  shown 
by  the  dotted  lines ;  the  purpose  is  to  prevent 
the  warmed  air  passing  directly  upwards, 
since  it  is  better  for  the  air  to  be  diffused  in  a 
more  or  less  horizontal  direction. 
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GAS  FOR  HEATING— continued. 


Flueless  heaters. 

Such  apparatus  is  convenient  because  it  can,  at  need, 
be  fitted  without  a  flue  through  which  the  products  of 
combustion  may  escape;  and,  although 'it  is  desirable 
that  a  flue  should  be  fitted  wherever  possible,  in  well- 
ventilated  places  such,  for  instance,  as  big  corridors  of 
public  offices,  no  ill-effects  need  be  feared  from  flueless 
heaters  if  a  few  elementary  precautions  are  observed. 

Such  apparatus  should  not  permit  of  the  actual  con- 
tact of  the  gas  flames,  however  highly  "bunsenised," 
with  any  part  of  its  structure.  The  products  of  com- 
bustion will  then  be  of  the  same  harmless  nature  as 
those  of  gas  burnt  for  illumination,  pure  carbonic  acid 
gas  and  water  vapour,  with  a  minute  trace  of  sulphuric 
acid,  which  is  a  disinfectant. 

(H.M.  Inspectors  of  Factories  and  Workshops  are 
instructed  to  forbid  the  use  of  flueless  warming  appar- 
atus under  conditions  likely  to  increase  the  CO2  content 
of  the  enclosed  air  to  more  than  12  parts  in  10,000.) 


Necessity  for  adequate  ventilation. 

It  is  also  advisable  in  large  interiors  in  occasional 
use  by  people  sitting  still,  such  as  churches,  lecture 
halls  and  theatres,  to  do  the  warming  beforehand  and 
turn  the  gas  out  when  the  doors  are  opened.  In  other 
cases,  the  ordinary  ventilation,  the  continual  opening 
and  shutting  of  doors,  and  the  movement  of  people, 
usually  provide  all  the  air-circulation  necessary  to 
health. 


The  modern  hot-air  "  radiator  "  which 
warms  by  convected  heat. 

The  older  type  of  hot-air  stove  is  to-day  giving  way 
before  the  radiator  variety,  which  is  sub-divided  into 
(1)  steam  radiators,  (2)  steamless  (or  hot-air)  radiators, 
and  (3)  hot-water  (or  steam  circulating)  radiators.  The 
two  former  are  self-contained,  whilst  the  latter  is 
connected  up  to  an  outside  boiler,  and  follows  the 
principle  of  the  hot-water  circulating  system  previously 
described  in  these  notes  (see  Lessons  49  and  50). 


Steam  radiators  and  their 
construction. 

The  steam  radiator  consists  of  a  series  of  single  or 
double  columns,  up  to  any  convenient  number,  so 
arranged  as  to  give  the  greatest  possible  surface  for 
their  size.  The  tubes  are  connected  into  a  common 
bottom  chamber,  and  each  pair  is  joined  to  the  next 
pair  at  the  top  by  a  loop.  Water  is  introduced  into 
the  base  of  the  radiator,  the  exact  height  being  shown 
by  a  gauge  glass  at  the  side.  The  water  is  heated  by 
a  row  of  Bunsen  jets  fixed  under  the  common  chamber. 


As  steam  is  generated  the  air  in  each  loop  is  expelled 
through  a  vent  provided.  As  the  temperature  rises  in 
the  radiator,  the  steam-heated  columns  impart  warmth 
to  the  adjoining  air  and  set  up  air  currents  in  a  gentle 
motion. 

The  steamless  radiator. 

The  steamless  radiator  follows  generally  the  same 
line  of  construction  as  the  above,  but,  instead  of  con- 
verting the  calorific*  power  of  the  gas  into  steam, 
depends  upon  hot  air  alone  for  its  heating  power. 
Heaters  of  the  "  radiator  "  class  are  generally  fitted 
with  thermostatic  valves  which  cut  off  the  supply  ol 
gas  when  a  certain  temperature  is  reached,  and  thus 
the  heating  arrangement,  when  once  the  valve  has 
been  properly  adjusted,  is  quite  automatically  con- 
trolled. A  good  regulator  is  also  necessary  so  that 
when  the  adjustment  of  gas  and  air  in  the  burners 
is  finally  made  it  may  not  be  upset  by  possible  fluc- 
tuations in  the  pressure  of  the  gas  (see  Lessons  31,  52, 
53,  and  54). 

The  gas  fire. 

We  may  now  proceed  to  consider  the  instrument  by 
which  the  potential  heating  power  of  gas  is  converted 
into  its  most  useful  form  as  radiant  heat,  i.e.,  the 
modern  "  open  "  gas  fire. 

Conduction. 

If  the  total  heat  produced  by  burning  gas  with  a 
luminous  or  a  Bunsen  flame  is  represented  by  the 
figure  100,  then  the  relative  proportions  of  radiant, 
convected  and  conducted  heat  in  this  total  will  be 
respectively  15-18,  75,  7-10.  (The  conduction  of  heat 
by  bodies  in  contact  with  a  source  of  heat  does  not 
enter  into  the  practical  warming  of  rooms,  and  is  chiefly 
of  importance  in  connection  with  the  construction  of 
burners  and  fire  places.) 

How  the  radiant  gas  fire  is 
produced. 

Now  coal  is  not  only  cheap,  but  has  a  radiant  heat 
efficiency  of  from  10  to  42  per  cent. ;  on  the  other  hand 
42  per  cent,  represents  its  total  heating  efficiency, 
inasmuch  as  the  convected  heat  of  coal  goes  away  up 
the  chimney  with  the  smoke.  In  order  to  compete  with 
the  coal  fire,  however,  gas  must  be  brought  up  to  some- 
thing approaching  an  equality  of  radiating  power.  This 
is  accomplished  by  applying  as  much  of  its  total  heat 
as  possible,  in  the  form  of  a  Bunsen  flame  of  high 
temperature,  to  a  solid  body  which  will  then  give  out 
radiant  heat.  In  the  course  of  time  it  has  been  found 
possible  to  achieve  this  result  by  following  certain 
methods,  and  to  increase  the  radiant  heat  efficiency  of 
gas  to  70  or  80  per  cent. — an  immense  improvement 
upon  the  coal  fire. 


PART  II.— LESSON  65. 


GAS  FOR   HEATING 


BLACKBOARD. 


(To  illustrate  Lesson  64.) 


e         / 
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Fig.  XV. 


(o    fr-u/r-her 
Fig.  XVI. 
THE  GAS  HEATED  RADIATOR. 

One  form  of  this  apparatus  is  shown  in 
half  section  in  Fig.  XV.  It  should  be  under- 
stood that  several  details,  such  as  the  joints 
which  hold  the  various  parts  together,  have 
been  omitted  for  clearness. 

Water  is  placed  in  the  boiler  (h)  and  heat 
is  provided  by  means  of  a  burner  (i).  When 
the  water  boils,  the  steam  ascends  into  the 
columns  (a,  b,  c,  d)  and  causes  the  metal  to 
transfer  the  heat  to  the  surrounding  air,  setting 
up  convection  currents  as  indicated  by  the 
wavy  lines  (/>).  The  air  currents  in  this  way 
carry  the  heat  into  the  room. 

The  steam  condenses  on  the  cold  surfaces 
of  the  metal  and  trickles  back  into  the  boiler, 


but  after  a  while  the  columns  get  hot  and  the  condensation  takes  place  at  a  slower  rate  ;  the  steam 
accumulates  and  exerts  a  certain  amount  of  pressure.  When  the  radiator  reaches  this  stage  the  gas 
ought  to  be  reduced,  and  in  order  to  do  this  automatically  the  steam  pressure  is  made  to  operate  a 
gas  valve  in  the  following  manner  : — 

Gas  enters  the  apparatus  at  (/),  and  travels  in  the  direction  of  the  arrow  (k),  to  the  injector  of 
the  burner  (see  Lesson  47  on  the  Bunsen  burner).  (/)  is  a  disc  of  thin  springy  metal  which,  when  the 
steam  pressure  reaches  a  certain  height,  is  forced  to  the  right  and  so  throttles  the  passage  for  the 
gas.  The  arrows  (m)  represent  the  steam  pressure  acting  on  the  disc  (/).  The  dotted  line  («) 
represents  the  disc  when  it  is  strained  by  the  steam  pressure.  Note  how  the  gas  passage  is  reduced. 

A  larger  view  of  the  automatic  valve  is  shown  on  page  55. 
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GAS  FOR  HEATING— continued. 


Parts  of  the  gas  fire. 

The  gas  fire  accordingly  consists  of  (a)  the  burner, 
(b)  the  refractory  material  to  be  raised  to  incandescence, 
and  (c)  the  setting  of  the  whole. 

The  burner. 

The  burner  in  a  modern  gas  fire  is  placed  immedi- 
ately under  the  material  to  be  heated,  and  the  gas  and 
air  which  form  the  atmospheric  flame  pass  through  a 
mixing  chamber  proportionate  in  size  to  the  number  of 
outlets  it  has  to  feed.  Both  the  air  and  the  gas  supply 
are  adjustable. 

The  burners  for  a  fire  may  be  either  single  tube  or 
duplex  (sometimes  triplex).  In  the  latter  case  the  mix- 
ture is  supplied  through  two  (or  three)  separate  gas 
cocks,  each  controlling  alternate  outlets,  or  one  the 
central  and  the  other  the  terminal  outlets. 

The  economy  of  the  duplex  burner. 

By  this  means  half  the  outlets  may  be  turned  com- 
pletely off  whilst  the  other  half  are  being  maintained  at 
full  duty.  In  this  case  the  velocity  of  the  gas  at  the 
injector  is  not  reduced  for  the  set  burning,  and  conse-, 
quently  enough  air  is  drawn  in  to  keep  the  mixture 
in  correct  proportions.  If,  however,  in  the  case  of  the 
single  burner  variety,  the  gas  is  turned  down  by  half, 
the  gas  velocity  is  reduced  while  the  air  supply  remains 
constant,  with  the  result  that  (1)  there  is  a  tendency 
to  light  back,  owing  to  the  super-abundance  of  air  in 
the  mixture,  and  (2)  the  heating  effect  obtained  is  not 
in  proportion  to  the  amount  of  gas  burned.  It  has  been 
estimated  in  a  comparison  of  the  two  burners  that  the 
number  of  heat  units  given  off  from  the  same  quantity 
of  gas  consumed  is  as  133  to  100  in  favour  of  the  duplex 
burner. 

Curved  burners  preferable. 

Curved  burners  are  preferable  to  straight,  because 
radiant  heat  travels  in  straight  lines  from  its  source, 
and  the  heat  generated  will  be  better  distributed  from 
a  curved  burner  with  the  convex  side  outward  than 
from  a  straight  burner.  It  is  a  question  of  difference 
not  in  total  heat  development  but  in  the.  angle  at  which 
the  heat  rays  diverge. 

Removable  burners. 

The  modern  gas  fire  is  designed  to  allow  for  the  re- 
moval of  the  burner,  because  owing  to  the  crumbling 
and  chipping  of  the  refractory  material  and  the  presence 


of  dust  in  the  room,  the  burner,  the  air-box  and  the 
injector  are  apt  to  become  more  or  less  clogged.  In 
old  stoves  in  which  the  burners  are  fixed  they  may 
be  cleaned  by  blowing  through  with  an  ordinary  pair 
of  fire  bellows. 


The  burners  must  be  kept  clean. 

The  refractory  material  used  in  the  modern  gas  fire 
is  fireclay  in  various  forms  and  designs.  Iron  fret, 
which  was  used  in  the  early  days,  is  never  seen  now, 
and  asbestos  is  out  of  date,  excepting  for  some  fancy 
types  of  fire  such  as  imitation  wood  logs  where  a 
"  flickering  flame  "  is  simulated  on  the  surface  of  the 
fireclay  "  log  "  for  decorative  purposes. 


The  radiating  material  of  the  fire. 

Fireclay  lumps  (sometimes  blackened  to  look  like 
pieces  of  small  broken  coke)  are  preferred  by  those  who 
have  a  sentimental  fondness  for  the  appearance  of  a 
coal  fire,  and  wish  this  to  be  as  closely  reproduced  by 
the  ga,s  apparatus  as  possible.  A  pile  of  fireclay  lumps 
cannot,  however,  properly  take  the  place  of  the  care- 
fully designed  pillars  of  fireclay  (sot-called  radiants) 
into  which  the  refractory  material  of  a  modern  gas  fire 
is  moulded.  The  piled  lumps  do  not  admit  of  complete 
aeration  and  effective  combustion  of  the  gas-air  mixture 
as  is  indicated  by  the  blue  flame  which  is  usually  seen 
above  them.  Then  again,  when  they  are  heated  the 
lumps  in  the  interior  of  such  a  pile  simply  radiate  to 
one  another  instead  of  throwing  out  heat  into  the  room. 
Radiants  are  devised  deliberately  to  remedy  these 
defects.  One  radiant  stands  over  each  burner  so 
shaped  that  it  does  not  break  up  the  flow  of  the  gases 
and  destroy  the  cone  of  the  flame,  but  allows  a  com- 
plete and  controllable  combustion  to  be  effected.  Mean- 
while it  performs  its  principal  function,  that  of  a  heat 
radiator,  in  throwing  out  heat  taken  up  from  the  hot 
gases  of  the  flame.  The  back,  and  knobs  or  ribs  of 
the  radiant  come  to  a  full  red  heat  and  this  heat  is 
thrown  out  into  the  room.  It  cannot  be  cut  off  and 
rendered  ineffective  by  other  refractory  material  because 
of  the  very  open  construction  of  the  front  of  each 
radiant — an  important  feature  of  the  design.  Combus- 
tion is  therefore  complete  and  radiation  effective  which 
both  make  for  a  higher  efficiency  in  use  than  can  come 
from  a  pile  of  fireclay  lumps.  If  fireclay  lumps  un- 
used the  burners  should  be  placed  well  below  them  so 
as  to  get  combustion  of  the  gas  before  contact  with 
the  solid  as  far  as  possible. 
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PART  H.— LESSON  67. 


GAS  FOR  HEATING— continued. 


The  making  of  radiants. 

The  process  of  manufacturing  gas-fire  radiants  is 
a  complicated  and  interesting  one.  A  careful  blend  of 
various  earths  has  to  be  made,  in  order  to  produce, 
in  combination  with  the  scientific  design,  a  uniform 
standard  of  strength  and  radiating  efficiency. 

How  the  material  is  obtained. 

The  earth  that  forms  the  chief  ingredient  in  this 
blend  is  taken  from  a  mine,  which  is  worked  in  the 
same  way  as  a  coal  mine.  The  earth  is  reached  by  a 
shaft  some  sixty  or  seventy  yards  deep,  with  workings 
which  branch  widely  beneath  the  surrounding  surface 
and  follow  the  veins  of  this  earth. 


Blending. 

From  the  surface  it  is  carried  by  a  miniature  railway 
to  the  blending  mills,  where  it  receives  a  properly- 
proportioned  admixture  of  other  earths  and  ingredients 
from  various  sources. 

Pressing  and  drying. 

The  mixture  is  then  sent  in  wads  to  the  press  shops 
to  be  moulded  into  shape  in  presses  designed  for  the 
purpose.  The  next  stage  is  the  drying  process.  The 
complete  radiants  are.  laid  on  trays,  and  put  into  ovens 
in  which  hot  air  expels  all  moisture  from  them. 

Firing  in  saggers  and  kilns. 

The  dried  radiants  are  then  placed  in  fireclay  cases 
called  "  saggers,"  and  sent  to  the  kilns  for  firing. 
When  the  kilns  have  been  filled  with  the  saggers,  their 
doors  or  "  wickets  "  are  bricked  up  and  sealed.  Fur- 
naces are  built-in  all  round  the  kiln,  and  are  then 
lighted ;  their  flames  are  carried  outside  the  inner  wall 


to  a  point  near  the  top  of  the  kiln.  From  here  they 
take  a  downward  course,  heating  the  saggers  and 
radiants  as  they  pass  around  them,  and  then  escape  to 
the  chimney  shaft  through  a  number  of  small  holes 
in  the  floor. 

Cooling  down  the  kilns. 

It  takes  quite  a  number  of  days  to  "  fire  "  the 
radiants.  When  the  process  is  complete  the  kiln  has 
to  be  allowed  to  cool  down.  Then  the  wickets  are 
dismantled,  the  saggers  taken  out  and  the  radiants  re- 
moved. 

Sorting. 

They  are  then  transferred  to  the  sorting  department, 
and  finally,  after  the  rejection  of  any  that  are  damaged, 
to  the  inspection  department. 

Testing. 

Here  the  radiants  are  each  carefully  fitted  to  jigs, 
which  process  ensures  that  every  radiant  sent  out  shall 
be  of  the  exact  size  required,  and  able  to  fit  with  perfect 
interchangeability  into  any  make  of  gas  fire  designed 
to  take  them. 

Packing. 

Last  of  all  the  radiants  are  packed  in  specially  con- 
structed cardboard  boxes,  in  which  it  is  impossible  for 
them  to  come  into  contact  with  each  other.  Further 
to  protect  the  fragile  filigree-work,  all  the  vacant  inter- 
spaces are  filled  with  sawdust,  so  that  the  possibility 
of  breakage  in  transit  is  reduced  to  a  minimum. 

It  will  thus  be  seen  that  the  making  of  gas-fire 
radiants  is  no  simple  matter.  Each  process  has  to  be 
carried  out  with  the  greatest  care  and  precision  in  order 
to  maintain  the  efficiency  and  strength  which  are  so 
essential  to  the  perfect  working  of  the  gas  fire. 


Theory  of  Radiation.— General  possibility  of  transmitting  energy  through  space: 
the  "  ether." — Waves. — Spectrum. — Theory  of  wave-length  differences  as  links  between 
Light,  heat,  "  wireless  "  waves,  X-rays,  but  not  sound,  radium  emission. — Theory  of 
exchanges. — Emissive,  absorptive,  reflective  powers. — Black-body  or  Full  radiation. — 
Illustrations  from  dew  and  ice  formation. — Transparency  and  opacity. — Radiation, 
etc.,  by  gases. — Band  and  continuous  spectra. — Efficiency  of  light  radiation  and 
temperature  of  source. — Explanation  of  high  emissivity  of  white  gas  mantle. 
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PART  II.— LESSON  "68. 


GAS   FOR   HEATING— continued. 


BLACKBOARD. 


FIG.  XVII.      THE  GAS  FIRE  RADIANT  (to  illustrate  Lesson  67) 
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PART  II. -  LESSON  69. 


GAS  FOR  HEATING— continued. 


The  gas  fire  setting. 

(i.)  The  coal  grate  adapted. 

The  setting  of  the  gas  fire  may  be  of  two  kinds. 
Ordinary  coal-fire  grates  may  be  adapted  for  the  pur- 
pose, the  back  being  filled  up  with  fireclay  to  reduce 
the  depth  as  much  as  possible,  and  a  portion  of  the 
bottom  removed,  where  necessary,  to  allow  the  gas 
supply  pipe  to  pass  through.  A  loose  burner  is  then 
fitted  into  the  grate  and  the  space  filled  in  with  what- 
ever form  of  "  fuel  "  is  desired.  Such  a  fire  does  not 
interfere  with  the  ordinary  ventilation  of  a  room  by 
the  chimney.  Its  action  precisely  resembles  that  of  a 
coal  fire,  over  which  it  has  the  advantages  of  quietness, 
steadiness  and  less  draughtiness. 

(ii.)  Self-contained. 

The  self-contained  stove  is  more  common,  however, 
and  is  made  in  all  kinds  of  sizes  and  designs  to  suit 
any  room  and  every  purse. 

The  most  ordinary  type  is  that  in  which  a  series  o>f 
upright  radiants  are  set  against  a  fire-clay  back,  curved 
or  straight  to  follow  the  line  of  the  burner.  This  back- 
ing generally  has,  like  the  radiants  themselves,  a  rough, 
corrugated  kind  of  surface,  because  in  this  way  a 
greater  area  of  radiating  surface  is  secured  than  if  the 
material  were  perfectly  smooth. 

The  importance  of  the  flue-action. 

Above  the  radiants  is  a  projecting  canopy,  under 
which  the  combustion  products  of  the  burnt  gas  are 
gathered  up  and  discharged  through  the  flue  at  the  back 
of  the  stove  into  the  chimney  or  other  outlet.  A  good 
chimney  action  is  essential,  for  if  the  gas  fire  is  to  be 
really  hygienic  all  traces  of  combustion  products  must, 
as  with  a  coal  fire,  be  removed  from  the  room.  It  is 
useless  and  unscientific  to  instal  a  gas  fire  in  a  faulty 
chimney  with  such  a  bad  down-draught  that  it  has 
"  always  smoked,"  and  then  expect  the  gas  fire  to 
work  the  miracle  of  mending  the  chimney.  A  faulty 
chimney  can  always  be  remedied  when  gas  is  installed 
in  place  of  coal  because  the  cubic  space  of  flue  neces- 
sary to  carry  off  the  gaseous  products  of  burning  gas 
is  so  much  less  than  that  required  for  discharging  the 
smoke,  soot,  tarry  and  other  solid  substances  given  off 
by  burning  coal,  but  proper  chimney  and  flue  design 
there  must  be  wherever  there  are  products  of  combus- 
tion, as  all  qualified  gas  engineers  would  insist.  The  flue, 
moreover,  promotes  a  flow  of  air  up  the  chimney  as  the 
heated  products  of  combustion  arise,  and  thus  helps  to 
ventilate  the  room,  even  more  scientifically  and  success- 
fully than  the  open  fire  of  coal,  wood  or  peat. 

How  to  test  a  gas  fire. 

(Show  experiment.} 

The  ventilating  efficiency  of  a  gas  fire  can  be  tested 
by  holding  a  piece  of  glass  or  a  small  mirror  just  above 
the  lower  edge  of  the  canopy.  If  any  combustion  pro- 
ducts are  escaping  the  glass  will  be  dimmed  by  con- 


densed moisture.      If  the  glass  remains  clear  and  dry 
the  ventilation  is  perfect. 


The  hygienic  gas  fire. 

What  the  "  Lancet  "  said. 

The  hygienic  nature  of  the  modern  gas  fire  was 
attested  in  the  Lancet  of  November  17th,  1906,  as  a 
result  of  thorough  scientific  investigation  into  its  con- 
struction and  working,  in  these  words: — "A  properly 
constructed  gas  stove  with  a  flue  sufficiently  large  to 
carry  away  the  products  of  combustion  is  quite  as  satis- 
factory from  a  hygienic  point  of  view  as  is  a  coal  fire, 
and  does  not  in  any  way  vitiate  the  air  of  the  room, 
nor  does  it  produce  any  abnormal  drying  effect  as  is 
popularly  supposed.  It  will  carry  off  from  about  2,000 
to  4,000  cubic  feet  of  air  per  hour,  and  this  has  a  valu- 
able ventilating  effect."  It  was  also  stated  that  such  a 
fire  "had  the  advantage  of  coal  from  a  hygienic  point  of 
view,  owing  to  more  equal  temperature  and  to  absence 
of  dust  and  smoke."  If  so  favourable  an  opinion  was 
expressed  as  long  ago  as  1906  it  can  easily  be  under- 
stood that  the  gas  fire  of  to-day  is  an  entirely  hygienic 
appliance  and  a  distinct  aid  to  ventilation. 


Defects  of  the  early  gas  fires. 

It  was  not  always  thus,  of  course  :  in  the  earliest  gas 
fires  one  row  of  burners  was  placed  behind  another, 
the  flames  found  their  way  among  the  pieces  of  "  fuel  " 
anyhow,  and  flared  right  above  it,  pieces  of  the  solid 
material  rested  in  the  burners,  choking  the  flames  so 
that  no  single  jet  could  burn  itself  out  properly  and 
completely,  and  the  result  was  an  evil-smelling  affair, 
burning  much  gas  for  a  radiation  efficiency  of  about 
20  per  cent.,  and  liberally  discharging  combustion  pro- 
ducts into  the  room,  unless  the  chimney  draught  hap- 
pened to  be  excessive.  Moreover,  the  large  percentage 
of  convected  heat  emitted  gave  rise  to  a  natural 
prejudice  against  the  gas  fire  on  the  ground  of  its 
drying  the  air  :  this  found  expression  in  the  bowl  of 
water  so  generally  found  near  a  lighted  fire. 


Modern  improvements. 

Gas  engineers  and  manufacturers,  however,  \  ie  with 
one  another  in  seeking  improvements,  and  the 
triumphant  results  of  their  work  are  visible  to-day. 
The  progress  has  been  chiefly  in  the  direction  of  (a) 
concentrating  the  rambling  gas  flames  into  a  front  row 
of  separate  jets,  properly  controlled  and  regulated ;  (6) 
coming  by  degrees  to  model  the  solid  radiating  material 
upon  the  form  of  the  Welsbach  incandescent  lighting 
mantle,  while  making  it  less  fragile  in  substance,  and 
so  disposing  it  as  to  surround  and  just  touch  the  outer 
edge  of  the  flame  without  interfering  with  the  combus- 
tion ;  and  (c)  bringing  forward  the  fireclay  backing  and 
corrugating  it  so  as  to  obtain  as  large  a  percentage  of 
radiant  heat  as  possible. 
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PART  II.— LESSON  70. 


GAS  FOR  HEATING— continued. 


BLACKBOARD. 


(To  illustrate  Lesson  69.) 


THE  GAS  FIRE. 


Figure  XVIII.  illustrates  the  various  parts 
of  a  gas  fire,  (a)  is  the  burner,  shown  more 
clearly  in  Fig.  XIX.  The  gas  is  admitted  by 
opening  the  control  tap  (b).  As  the  gas  issues 
from  the  injector  (c)  it  draws  in  a  stream  of 
air  as  indicated  by  the  arrows  (d  d).  The  air 
and  gas  travel  along,  intermingling,  as  shown 
by  the  dotted  lines ;  the  air-gas  mixture  issues 
through  the  nozzles  (e  e)  and  when  a  light  is 
applied  burns  with  almost  non-luminous 
flames,  one  of  which  is  shown  (/),  burning  in- 
side the  radiant  (g).  The  interior  of  this  con- 
sists of  small  projections  (/)  against  which  the 
flame  travels,  (n)  is  a  specially  shaped  tile 


which  forms  the  back  of  the  stove ;  it  has  little 
projections  (fe)  against  which  the  fuel  columns 
rest,  and  at  the  back  there  are  air  spaces  (r) 
which  act  as  heat  insulators. 

A  row  of  special  "  fuel  "  (i)  is  usually 
placed  along  the  top  of  the  radiants  so  as  to 
utilize  completely  the  heat  of  the  gas.  The 
outer  case  (/)  of  the  fire  is  made  of  cast  iron 
suitably  designed.  The  canopy  (m)  serves  to 
direct  the  products  of  combustion  to  the  out- 
let (p)  whence  they  are  directed  to  the 
chimney.  The  part  (o),  the  "  fender,"  is 
made  easily  removable,  so  that  the  burner  can 
be  cleaned  (say)  twice  a  year. 


PART  II.— LESSON  71. 


GAS  FOR  HEATING— continued. 


The  merits  of  the  gas  fire. 

The  merits  of  the  modern  gas  fire  may  be  considered 
from  two  main  points  of  view :  the  domestic  and  the 
hygienic. 


(a)  Domestic. 

Gas  fires,  which  are  clean  and  need  no  attention,  are 
an  immense  saving  of  time  and  labour  as  compared  with 
coal  fires.  They  thus  help  to  solve  the  problem  of 
domestic  service,  whether  that  honourable  and  neces- 
sary home  "  service  "  be  performed  by  the  wife  and 
mother  or  the  hired  helper. 

Gas  fires  are  very  convenient,  for  warmth  can  be 
obtained  without  trouble  at  a  moment's  notice.  They 
are  perhaps  specially  useful  in  bedrooms  :  it  is 
dangerous  to  leave  a  warm  atmosphere  to  dress  or 
undress  in  a  chilly  one,  but  coal  fires  in  bedrooms  mean 
a  great  deal  of  trouble  and  unnecessary  expense.  With 
a  gas  fire  a  room  of  moderate  size  can  be  warmed  for 
half-an-hour,  say,  night  and  morning,  at  a  cost  of 
about  Id.  for  each  half  hour  with  gas  at  five  shillings 
per  "  thousand,"  a  price  which,  of  course,  varies  with 
time  and  place. 

The  gas  fire  can  be  designed  to  fit  in  with  any  style 
or  period  of  room-decoration,  so  that  it  has  aesthetic 
as  well  as  practical  value. 

The  gas  fire  is  a  more  efficient  heating  agent  than 
the  coal  fire,  for  very  little  of  the  heat  generated  by  it 
goes  up  the  chimney  (not  more,  in  fact,  in  the  best 
fires  than  is  desirable  for  adequate  ventilation),  while 
more  than  half  of  that  produced  by  coal  is  wasted  from 
that  cause.  The  gas  fire  warms  a  room  more  quickly 
than  a  coal  fire,  and  in  precisely  the  same  way,  by 
means  of  radiant  heat.  In  this  connection  the  fact  can- 
not be  too  often  insisted  upon  that  a  modern  gas  fire 
is  an  open  fire  in  every  essential  —  glowing  incan- 
descence, radiant  heat,  chimney  ventilation  —  and  is 
therefore  not  properly  described  as  a  "  stove,"  which 
involves  the  idea  of  something  closed. 

As  regards  expense,  taking  fire  for  fire,  gas  costs 
slightly  more  than  coal ;  but  in  consideration  of  the 
facts  that  (1)  gas  can  be  turned  off  when  a  room  is  not 
going  to  be  used  for  some  time  and  relighted  at  need, 
while  a  coal  fire  is  generally  kept  in  on  account  of  the 
trouble  re-lighting  causes;  (2)  where  gas  is  used  it  is 
often  possible  to  save  a  servant's  wages  and  keep; 
and  (3)  gas  is  so  clean  and  sootless  that  much  is  saved 
on  cleaners'  bills,  sweeps'  visits,  etc.,  it  will  be  seen 
that  the  balance  of  advantage  is  in  favour  of  gas, 
especially  when  it  is  used  for  intermittent  heating  and 
under  the  proper  and  intelligent  supervision  of  some- 
body directly  or  indirectly  interested  in  the  finance  of 
the  establishment  as  a  question  of  honour  if  not  of 
responsibility.  The  careless  servant  with  no  apprecia- 


tion of  the  cost  of  anything  for  which  she  does  not 
pay  in  cash  is  the  worst  enemy  of  progress  in  this 
direction  as  in  many  others  of  household  science. 

(b)  Hygienic. 

As  we  have  seen,  the  gas  fire  is  a  very  hygienic 
piece  of  apparatus,  and  members  of  the  medical  pro- 
fession are  almost  unanimous  in  recommending  its  use. 
It  is  the  commonest  sight  nowadays  to  see  gas  fires  in 
hospitals,  nursing  homes,  and  consulting  rooms:  and 
such  testimony  is,  of  course,  of  great  worth. 

Gas  fires  are  invaluable  in  the  case  of  illness.  They 
save  work  for  the  nurse,  and  disturbance  and  irritation 
for  the  patient,  which  cannot  be  avoided  when  a  coal 
fire  has  to  be  kept  in  and  cannot  be  made  up,  however 
carefully,  without  some  noise  and  clatter  of  fire-irons. 
A  gas  fire,  on  the  other  hand,  will  go  on  burning  away 
steadily  and  quietly  for  weeks,  if  necessary,  without  the 
slightest  need  of  attention. 

Another  useful  feature  of  the  gas  fire  in  times  of 
illness  is  that  it  can  be  regulated  to  give  the  exact 
shade  of  temperature  necessary,  and  cope  successfully 
with  sudden  rises  or  falls  of  the  barometer. 


Works  in  the  interest  of  public  health. 

Smoke  abatement  by  means  of  gas. 

There  is  another  point.  Everyone  knows  the  damage 
that  is  done  to  public  buildings  and  decorations,  vege- 
tation, and,  worst  of  all,  the  health  and  vitality  of 
human  beings,  by  the  soot,  sulphur,  etc.,  produced  by 
the  burning  of  crude  coal.  Since  gas  began  to  be  used 
for  domestic  purposes  in  place  of  coal  there  has  been 
a  marked  diminution  in  fogs,  but  there  is  yet  room  for 
improvement.  Domestic  chimneys  are  still  among  the 
greatest  offenders  in  belching  out  sooty  smoke  to  pol- 
lute the  atmosphere,  and  the  extended  use  of  gas  fires 
would  help,  perhaps  more  than  anything  else,  to  further 
the  Smoke  Abatement  Campaign.  The  public  health 
aspect  of  the  domestic  heating  question  is  therefore 
very  important. 


Gas  economises  the  nation's  coal. 

It  is  also  necessary  that  the  nation's  rapidly- 
diminishing  coal  supplies  should  not  be  so  recklessly 
wasted  as  they  have  been  of  late  years.  Using  gas 
means  (as  was  shown  in  the  earlier  series  of  lessons  on 
manufacture)  economising  in  coal  and  at  the  same  time 
promoting  the  output  of  valuable  by-products  obtained 
in  the  distillation  of  coal  in  gas  works  (see  Lessons  14, 
15  and  23-26  inclusive). 
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PART  II.— LESSON  72. 


GAS  FOR  LIGHTING. 


We  have  now  arrived  at  the  use  of  gas  for  lighting, 
its  last  domestic  function  to  be  discussed  in  these  Notes, 
though  the  first  which  brought  it  before  the  notice  01 
the  public  more  than  a  century  ago. 

Coal  gas  as  an  illuminant. 

The  history  of  the  discovery  of  coal  gas  as  an 
illuminant  and  of  the  invention  of  the  earliest  form 
of  burner  was  told  in  the  former  series  of  Notes  for 
Lessons,  and  we  will  here  continue  from  the  incorpora- 
tion by  Act  of  Parliament  in  1812  of  "  The  London  and 
Westminster  Chartered  Gas  Light  and  Coke  Com- 
pany." 

The  early  days  of  gas  lighting. 

The  creation  of  a  public  gas  supply  involved  in- 
numerable difficulties,  more  especially  as  public  opinion 
was  "at  first  very  hostile.  People  could  not  understand 
that  gas  pipes  were  not  full  of  the  flame  that  burned  at 
the  tips  of  the  burners,  and  the  fire  insurance  companies 
opposed  gas  lighting  with  all  their  power.  Even  the 
street  gas-lighters  struck  against  the  new  method  of 
illumination. 


No  gas  meters. 

Within  the  Company,  too,  all  did  not  go  well  :  a  big 
explosion  took  place  at  the  works,  machinery  continu- 
ally broke  down,  and  experience  was  as  yet  lacking  to 
solve  the  many  problems  inherent  in  public  gas  supply. 
For  instance,  it  was  a  long  time  before  any  means  of 
measuring  the  gas  distributed  to  consumers  was  avail- 
able. However,  the  Directors  held  out  persistently 
until  better  days  dawned  for  them  and  for  the  com- 
modity they  manufactured. 

Flat  flame  burners. 

For  many  years  the  general  run  of  gas  lights,  both 
for  public  and  for  private  use,  consisted  of  various 
types  of  "  flat  flame  "  burners,  called  cockspur,  cox- 
comb, batswing,  union-jet  or  fishtail,  from  the  shape 
taken  by  the  burning  gas.  This  last  kind,  which  did 
not  cause  the  flame  to  spread  out  so  far  as  did  the 
other  varieties,  and  was  therefore  more  suitable  for 
glass  shades,  was  until  the  end  of  the  nineteenth  cen- 
tury the  burner  most  generally  in  use.  The  efficiency 
of  the  flat  flame  burner  was  greatly  improved  by  making 
the  actual  burner  tip  of  steatite  or  porcelain,  for  this 
preserves  the  shape  and  size  of  the  gas  orifice  better 


than  metal,  and  as  a  non-conductor  of  heat  also  keeps 
the  flame  hotter  and  consequently  brighter. 

Regulators. 

A  marked  improvement  in  the  economy  of  flat  flame 
burners  was  brought  about  by  the  introduction  of  regu- 
lators or  governors — appliances  in  which  excessive  pres- 
sure of  gas  lifts  a  valve  which  chokes  the  supply  and 
restores  it  when  the  pressure  falls. 

The  present  day  use  of  the 
flat  flame  burner. 

Flat  flame  burners  still  have  their  uses  for  particular 
purposes  and  in  certain  situations.  They  are  all  that 
is  required  when  the  object  is  merely  to  "  show  a 
light,"  and  they  will  withstand  rough  usage.  For 
safety  lights  in  cellars,  corridors,  and  public  stairways 
they  are  very  useful,  as  they  do  not  need  any  attention. 
They  are  also  used  in  certain  kinds  of  heating  appar- 
atus, such  as  geysers,  circulators  and  some  types  of 
stoves.  They  are,  however,  obsolete  for  every  purpose 
of  public  and  private  lighting  in  which  brilliancy  of 
illumination  and  saving  of  gas  are  considerations. 

The  birth  of  incandescent  gas  light. 

Actual  modern  gas  light  dates  from  the  invention,  in 
1885,  by  von  Welsbach,  an  Austrian  metallurgical 
chemist  of  some  repute,  of  the  incandescent  mantle. 
Welsbach,  working  in  the  same  laboratories  in  Heidel- 
berg which  had  seen,  some  thirty  years  before,  the  dis- 
covery of  the  Bunsen  burner,  was  boiling  a  solution 
of  rare  metals  in  a  beaker  over  a  gas  flame,  and  stood 
the  glass  vessel  over  a  sheet  of  asbestos.  The  beaker 
boiled  over,  and  Welsbach  noticed  that  where  the 
liquid  touched  the  ragged  edges  of  the  asbestos  sheet, 
the  flame  playing  round  it  gave  off  a  glow  of  enormous 
brilliancy  (see  Lesson  47).. 

Welsbach's  first  mantle. 

Welsbach  accordingly  experimented  to  see  whether 
it  would  not  be  possible  to  construct  a  fabric,  saturate 
it  with  these  rare  metallic  salts,  and  then  burn  it  away 
so  as  to  leave  the  oxides  of  the  metals  as  a  skeleton 
which  would  be  raised  to  brilliant  incandescence  by  the 
heat  of  the  burning  gas.  As  a  result,  he  made  the 
first  mantle,  taking  zirconia  as  the  basis,  together  with 
other  rare  elements.  This  mantle  was  so  delicate  a 
thing  that  every  door  and  window  had  to  be  carefully 
closed  in  order  that  the  draught  should  not  blow  it  to 
pieces. 


Catalysis. — Definition.     Velocity  of  reaction. — Chemical  intermediaries. — Radiation 
hypothesis. — Catalytic  poisons. — Illustration  from  necessity  of  presence  of  water. 
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GAS  FOR  LIGHTING  -continued. 


BLACKBOARD. 


A  V 


Fig.  XXII. 


Fig.  XXIII. 
TYPES  OF  GAS  BURNER  (to  illustrate  Lesson  72.) 

Fig.  XX.  shows  an  Argand  burner.  The  gas  enters  at  (a)  and  by  way  of  three  tubes  (two,  b  and  c,  are 
shown)  reaches  the  burner  head  (d),  which  consists  of  a  hollow  cylinder  of  steatite  with  a  number  of  holes 
round  its  upper  end.  The  gas  issues  from  these  holes,  and  forms  one  flame  which  takes  the  shape  of  a  hollow 
cylinder.  If  only  one  hole  were  open  the  flame  produced  would  be  tall  and  slender,  but  with  all  the  holes 
open  these  slender  flames  coalesce  so  as  to  form  the  single  Argand  flame.  The  flame  is  supplied  with  air 
both  inside  and  out  as  shown  by  the  arrow  (e),  the  chimney  (/)  serving  to  create  the  up-current.  The  metal 
cone  (g]  directs  the  outer  air  current  so  as  to  give  stability  to  the  flame.  The  wires  (h)  secure  the  chimney. 

Fig.  XXI.  shows  one  type  of  flat  flame  burner.  The  gas  enters  at  the  bottom  and  issues  from  the  saw 
cut  (a)  so  as  to  form  the  flat  flame. 

Fig.  XXII.  shows  a  different  type  called  the  union-jet.  The  gas  enters  at  the  bottom  and  after  passing 
through  the  gauze  screen  (a)  issues  from  the  two  orifices  (b  and  c}  in  the  steatite  top.  If  only  one  orifice 
was  open  a  long  and  slender  flame  would  issue  in  the  direction  of  the  arrows  (d  and  e),  but  with  both  orifices 
open  the  two  jets  collide  and  flatten  themselves  out  into  a  flat  flame.  The  orifices  have  to  be  made  with 
great  accuracy  because  any  crossing  of  the  jets  would  produce  a  ragged  flame. 

Fig.  XXIII  — This  shows  a  form  of  regulator  or  governor.  It  consists  of  a  brass  case  in  which  moves 
a  sliding  disc  (a).  The  gas  enters  at  the  bottom,  passes  through  the  aperture  (b)  in  the  sliding  disc,  and 
then  through  the  holes  above  as  shown  by  the  arrows,  and  away  at  the  top  to  the  burners.  The  disc  (a) 
rises  and  falls  with  the  pressure,  and  if  the  pressure  becomes  unduly  high  for  the  efficient  working  of  the 
burner,  the  edge  of  the  disc  partially  closes  the  openings  and  so  restricts  the  flow  of  gas. 
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GAS  FOR  LIGHTING 


Mantle  manufacture.    Ramie  fibre. 

Out  of  this  first  attempt  at  mantle-making  (see 
Lesson  72)  was  developed,  after  great  struggles, 
difficulties  and  disappointments,  the  mantle  as  we  know 
it  to-day.  Mantle  manufacture  is  a  very  interesting 
process.  A  tubular  web,  either  knitted  or  woven  from 
cotton,  ramie  fibre,  or  silk  thread,  termed  the  stocking, 
is  taken  and  cut  into  suitable  lengths.  "  Ramie  "  is 
the  fabric  generally  chosen  for  the  manufacture  of 
mantles,  because  it  is  stronger,  leaves  less  ash  on 
burning,  and  shrinks  less  than  any  other  used :  this 
material,  known  in  other  connections  as  China  grass, 
has  been  employed  for  ages  by  the  Chinese  and 
Japanese  for  the  manufacture  of  clothing  fabric.  It 
is  so  tough  and  durable  that  it  is  even  used  for  cordage. 

Dipping  the  mantle. 

One  end  of  each  length  of  stocking  is  gathered  up  by 
means  of  an  asbestos  thread,  and,  in  the  case  of  the 
ordinary  upright  mantle,  across  this  gathered-up  end 
an' asbestos  loop  is  formed,  to  act  as  a  support  for  the 
mantle.  The  web  base  of  the  mantle  is  then  immersed 
in  a  standard  solution  consisting  of  99  parts  of  thorium 
nitrate  to  1  part  of  cerium  nitrate. 

The  monazite  sands. 

The  proportion  of  99  to  1  was  arrived  at  by  Wels- 
bach  as  the  best  for  producing  light.  If  the  quantity 
of  either  ingredient  were  greater  or  less  than  this,  less 
light  would  be  produced. 

The  chief  raw  material  from  which  these  valuable 
and  formerly  rare  earths  are  derived  is  a  heavy  sand 
known  as  "  monazite,"  found  in  workable  quantity  on 
the  coast  of  Brazil,  at  Travancore  in  India,  and  in  a 
few  other  places. 

Shaping  and  "burning  off"  the  mantle. 

After  being  dipped  until  the  network  has  taken  up  as 
much  as  possible  of  the  solution,  the  mantle  is  taken 
out  and  subjected  to  a  wringing  process.  It  is  then 
stretched  on  a  cone  which  moulds  it  to  the  required 
shape,  and  is  left  to  dry.  It  is  then  ready  for  one  of 
the  most  delicate  operations  in  its  manufacture — the 
"  burning  off."  This  may  be  done  by  hand  or 
machinery,  and  upon  the  care  with  which  the  process  is 
carried  out  the  shape,  the  life  and  the  efficiency  of  the 
mantle  depend  to  a  very  large  extent.  A  light  is 
applied  to  the  top  of  the  mantle,  and  it  is  allowed  to 
burn  slowly  and  uniformly  downward.  It  is  then  sub- 
jected to  an  intense  Bunsen  flame,  which  so  coalesces 
the  delicate  structure  as  to  make  it  hard  and  strong 
enough  to  stand  the  strain  of  actual  use  on  the  incan- 
descent burner.  The  substance  of  the  mantle  now  con- 
sists of  thorium  oxide  and  cerium  oxide  in  the  propor- 
tions of  99  of  the  former  to  1  of  the  latter. 

Collodionized  and  non-collodionized  mantles. 

To  strengthen  it  sufficiently  to  allow  of  transport  and 
handling,  the  burned-off  mantle  is  usually  dipped  in  a 


solution  of  collodion,  which  is  burnt  off  by  the  con- 
sumer when  he  first  applies  a  light  to  the  mantle. 

When  mantles  do  not  have  to  stand  the  rough  treat- 
ment received  during  transport  and  frequent  handling 
in  the  shops  where  they  are  sold,  the  collodionising 
process  is  frequently  omitted,  thus  saving  expense 
and  in  some  respects  producing  a  better  mantle. 

Haidly  had  the  improvements  in  mantle-manufacture 
and  in  the  Bunsen  burner  combined  to  produce  a  method 
of  illumination  which  rapidly  proved  itself  to  be  in 
economy  and  efficiency  superior  to  any  other  kind  of 
lighting,  when  it  was  challenged  by  the  "  inverted 
incandescent  "  system,  which  began  to  be  known  about 
1900. 

The  inverted  incandescent  burner. 
A  needle  regulator. 

The  invention  of  the  inverted  incandescent  gas  lamp 
involved  far  more  than  just  turning  an  ordinary  burner 
upside  down.  In  this  case  the  flame  would  merely 
turn  back  and  burn  up  round  the  head  of  the  burner, 
so  that  it  could  not  possibly  render  a  mantle  incan- 
descent. A  good  deal  of  experiment,  therefore,  was 
necessary  to  perfect  the  inverted  type.  At  first  there 
was  no  regulation  of  supply  or  pressure,  except  by 
means  of  the  tap  and  the  fitting,  to  which  the  burner 
was  attached,  and  the  first  step  in  this  direction  was 
only  taken  when  a  burner  was  invented,  to  the  top  of 
which  was  fitted  a  "  needle  regulator  "  of  considerable 
sensitiveness,  the  needle  working  in  the  orifice  through 
which  the  gas  passed  in  the  Bunsen  tube;  so  sensitive 
was  this  needle  regulator  that  it  was  possible  practic- 
ally to  close  the  orifice.  By  its  use  the  pressure  of  gas, 
as  well  as  the  supply,  was  under  control,  and  it  became 
possible  to  regulate  the  burner  so  as  to  give  a  steady 
flame  under  all  conditions. 

Popularity  of  the  inverted  burner. 

The  inverted  incandescent  burner  soon  attained  to 
great  popularity,  for  several  reasons.  It  is  subject  to 
much  more  artistic  treatment  than  the  ordinary  upright 
burner,  it  throws  no  shadows  and  shines  most  brightly 
in  a  downward  direction,  its  efficiency  is  very  high, 
and  the  mantle  lasts  so  well  owing  to  the  more  favour- 
able methods  of  suspension,  that  the  principle  succeeds 
admirably,  despite  the  oscillation,  when  adopted  in  rail- 
way carriages.  The  inverted  incandescent  burner  is 
by  far  the  most  popular  type  to-day. 

Water-slide  pendants 

A  word  of  warning  should  be  given  here  against 
water-slide  chandeliers,  which  are  dangerous  owing  to 
the  possibility  of  their  dropping  and  causing  the 
gas  pipe  to  become  unsealed.  Water-slide  pendants 
can  be  adapted  to  the  modern  method  of  lighting,  but 
it  is  better  that  they  should  give  place  to  the  lighter, 
more  graceful,  and  safer  fittings  made  expressly  for 
incandescent  burners. 
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GAS  FOR  LIGHTING— continued. 


BLACKBOARD. 


FIG.  XXIV THE  INVERTED  BURNER  (to  illustrate  Lesson  74). 


In  the  last  lesson  the  upright  and  inverted 
burners  were  described.  This  lesson  provides 
an  illustration  of  an  inverted  burner,  which  is 
the  modern  means  of  producing  incandescent 
gaslight. 

The  burner  is  screwed  to  a  bracket  or 
pendant  so>  that  the  gas  enters  at  (a),  and 
after  issuing  from  the  orifice  (b)  passes  down 
into  the  burner  as  shown  by  the  arrow  (c). 
The  velocity  of  the  jet  of  gas  draws  air 
through  the  openings  (d)  and  the  air-gas  or 
bunsen  mixture  so  formed  proceeds  down- 
wards through  the  burner,  (e)  is  a  disc  of 
gauze  through  which  the  mixture  of  air  and 
gas  passes  to  render  the  mixing  thoroughly 
complete.  The  mixture  then  issues  from  the 
open  nozzle  (/),  where  it  can  be  lighted  to 
form  a  bunsen  flame,  (g)  is  the  mantle,  and 
the  flame  burning  inside  raises  it  to  incan- 
descence, (h)  is  a  clay  ring  to  which  the 
mantle  is  attached  by  an  asbestos  thread. 
The  ring  hangs  upon  little  supporting  pieces 
which  are  provided  on  the  nozzle  of  the 
burner;  (t)  shows  one  of  the  supports,  of 
which  there  are  three.  The  products  of  com- 
bustion from  the  flame  escape  through  the 
opening  (;')  as  shown  by  the  arrows  (fe). 

The  body  of  the  burner  (1}  is  usually  of 
porcelain  or  Doulton-ware  so  as  to  withstand 
the  heat,  and  is  curved  so  as  to  deflect  the 
heat  away  from  the  upper  part  of  the  burner 
and  the  ornamental  bracket  or  pendant  sup- 
porting it  (see  arrows  r).  (n)  is  the  glass 
shade,  which  is  supported  by  the  little  screws 
(o).  (p)  is  the  gas  regulator.  It  has  a  needle 
point  at  its  lower  end.  "By  turning  the  knob 
(q)  the  regulator  can  be  raised  or  lowered. 
This  has  the  effect  of  varying  the  size  of  the 
orifice  (b)  and  therefore  permits  of  the  accu- 
rate adjustment  of  the  gas,  as  was  described 
in  the  last  lesson. 


Chemistry  of  rare  earth  separation. 
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GAS  FOR  LIGHTING— continued. 


"indirect"  interior  lighting. 

There  are  three  general  methods  of  disposing  the 
actual  sources  of  light  for  the  illumination  of  interiors. 
First  of  all  there  is  what  is  called  the  "  indirect " 
method.  This  consists  in  placing  the  lights  out  of  sight, 
behind  mouldings,  cornices,  and  ornamental  screens, 
and  allowing  the  light  rays  to  fall  upon  ceilings  and 
walls,  to  illumine  the  room  by  reflection.  In  this  way  a 
beautiful  softly-diffused  light  is  obtained ;  but  it  is  a 
somewhat  expensive  method  because  so  much  of  the 
light  is  absorbed  by  the  reflecting  surfaces,  even  though 
they  may  be  of  a  light  colour. 

"  Semi-indirect "  lighting. 

The  second  way  is  to  light  a  room  "  semi-indirectly  " 
by  having  the  sources  of  light  visible,  but  completely 
shaded  by  translucent  bowls,  through  which  the  light 
is  filtered  and  diffused.  It  is  also  reflected  from  the 
ceilings  and  walls  or  the  special  "  reflectors  "  placed 
above  the  bowls.  This  method  minimises  the  risk  of 
glare  and  heavy  shadows,  and  can  be  made  aesthetically 
very  pleasing.  It  is  possible  to  dispense  with  a  central 
pipe,  and  convey  the  gas  through  a  flexible  metal  tube 
which  passes  inside  the  links  of \one  of  the  chains  sup- 
porting the  bowl. 

'*  Direct "  lighting. 

The  third  and  most  common  way  of  lighting  a  room 
is  by  the  direct  method,  and  this,  provided  that  the 
lights  are  so  placed  and  shaded  as  to  cause  neither 
glare,  nor  undue  shadows,  is  a  very  satisfactory  system 
of  illumination  and  the  cheapest  on  the  market. 

Lighting  and  wall-paper. 

The  quantity  of  light  required  in  any  room  will 
depend  to  a  considerable  extent  upon  the  character  of 
the  furniture  and  the  wall-decorations  in  it.  If  these 
are  generally  of  a  dark  and  light-absorbent  nature,  more 
light  will  have  to  be  provided  than  if,  say,  the  walls  are 
covered  with  a  light-coloured  paper  with  a  good  reflect- 
ing power. 

The  three  systems  compared.  • 

A  comparison  of  the  three  systems  will  show  that 
they  depend  in  various  degrees  upon  reflection  from 
walls  and  ceilings.  For  instance,  the  semi-indirect 
relies  much  more  than  the  "  direct  "  system  on  reflec- 
tion from  walls  and  ceilings,  and  the  "  indirect  "  still 
more.  Reflection  from  walls,  etc.,  always  means  loss 
of  light  by  absorption;  therefore  the  "  indirect  "  is 
more  expensive  than  the  "  semi-indirect,"  where  the 
waste  of  light  is  less,  and  similarly  the  "  semi-indirect  " 
is  more  expensive  than  the^'  direct."  In  fact,  lighting 
by  the  "  indirect  "  system  is  100  per  cent.,  and  by 
the  "  semi-indirect  "  50  per  cent,  more  expensive  than 
by  the  simple  "  direct  "  system.  Gas  lighting,  how- 
ever, is  in  all  circumstances  so  cheap  that  this  is  not 
as  important  as  it  would  be  with  more  costly  forms  of 
illuminants. 

Disposition  of  lights. 

The  units  of  light  can  be  disposed  according  to  any 
one  of  three  methods,  the  general,  the  local,  and  the 


localised  general.  (These  considerations  apply  more 
closely  to  the  lighting  of  factories,  workshops,  and 
other  large  rooms  than  to  ordinary  domestic  lighting.) 
The  "  general  "  system,  whereby  lights  are  uniformly 
distributed  fairly  high  up,  say  10  to  15  feet  above  the 
floor  level,  is  sometimes  more  convenient  than  the 
"  local  "  system,  whereby  each  individual  worker  or 
each  particular  piece  of  machinery  is  supplied  with  a 
shaded  lamp.  It  is  important  that  the  lamp  should 
be  well  shaded  as,  on  account  of  its  nearness  to  the 
person  working  by  it,  it  would  otherwise  cause  great 
discomfort.  "  Local  "  lamps  are  sometimes  arranged 
on  a  hinged  fitting  so  that  they  can  be  moved  about 
within  a  limited  range.  Where  local  illumination  is 
absolutely  necessary  for  fine  and  intricate  work  it  can 
best  be  combined  with  a  well-diffused  general  illumina- 
tion. 

High-pressure  gas. 

(see  Lessons  47  and  74  on  the  bunsen  burner 
and  the  inverted  burner.) 

There  has  been  one  comparatively  recent  advance  in 
the  gas  industry — the  introduction  of  high-pressure  gas 
lighting — which  marks  a  considerable  step  forward. 
This  is  perhaps  more,  important  for  commercial 
purposes  and  for  the  lighting  of  streets  than 
for  domestic  illumination  (the  usual  full-size  in- 
verted lamp  burns  from  3  to  3^  cubic  feet  of  gas  per 
hour  at  a  pressure  of  from  f§  to  f§  ins.) 

The  pressure  of  gas  is  raised  by  machinery.  The 
fact  that  the  gas  is  supplied  at  high  pressure  causes 
it  to  entrain  more  air  with  it,  and  so  to  produce  a  more 
highly  aerated  flame  than  can  be  attained  with  the  low 
pressure  gas  that  is  ordinarily  supplied.  The  greater 
aeration  causes  the  gas  to  burn  with  greater  rapidity 
and  to  give  a  much  hotter  flame,  this  in  turn  resulting 
in  the  mantle  becoming  hotter  and  therefore  more 
luminous.  High  pressure  lighting  is  particularly  useful 
where  lamps  of  great  candle  power  are  required.  They 
are  made  as  large  as  5,000  candles  for  each  lamp. 

Long-distance  ignition. 

Another  invention,  which  has  enabled  gas  to  equal 
electric  light  in  convenience,  is  the  long-distance  switch 
to  obviate  the  use  of  matches  or  tapers  whenever  the 
gas  is  needed.  It  is  particularly  useful  when  the  lamp 
has  to  be  fitted  in  a  rather  inaccessible  position.  The 
switch  arrangement  is  applied  to  gas  lighting  in 
two  ways.  In  the  first  method,  the  gas  valve  is 
actuated  by  the  switch,  the  gas  itself  being  ignited  by 
a  pilot  light  which  is  constantly  kept  burning.  An 
example  of  this  nature  is  the  pneumatic  distance  lighter, 
in  which  the  gas  supply  is  turned  off  and  on  by  air 
pressure  and  suction  applied  through  a  very  fine  brass 
tube  connecting  the  switch  and  the  special  valve  at  the 
burner. 

In  the  second  type  of  control  an  electric  current  is 
utilised  to  turn  on  and  ignite  the  gas  at  one  operation. 
The  initial  cost  of  this  type  is  greater,  but  the  expense 
of  the  pilot  light  is  saved. 


Pneumatic  switch,   transmission   of  energy. — Compression    waves   and   impulses. — 
Principle  of  all  explosions. — Also  mechanism  which  causes  sound. 
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PART  IL-LESSON  77. 


GAS  FOR  LIGHTING— continued. 


BLACKBOARD. 


Fig.  XXV. 


Fig.  XXVI. 


Fig.  XXVII. 


THE    THREE    METHODS    OF    LIGHTING  (to  illustrate  Lesson  76). 


Fig.  XXV.  shows  the  "  indirect  "  system, 
in  which  an  incandescent  mantle  is  arranged 
inside  an  opaque  bowl  (a)  provided  with  a 
reflecting  surface  on  the  inside.  Only  one- 
half  of  the  bowl  is  shown  in  the  sketch.  The 
bowl  being  opaque  allows  no  light  to  pass 
through,  but  reflects  it  upwards  to  the  ceiling 
(b)  and  the  walls  (c)  as  shown  by  the  arrows. 
The  ceiling  and  walls  then  re-direct  the  light 
downwards  to  the  working  parts  of  the  room. 
The  course  of  some  of  the  light-rays  can  be 
traced  by  the  respective  arrow  heads  in  the 
sketch.  The  lower  surface  of  the  bowl  (a)  can 
be  decorated  to  tone  with  the  general  decora- 
tion of  the  room.  The  bowl  is  sometimes 
made  of  metal  and  sometimes  of  a  fire-proof 
fibrous  material. 

Fig.  XXVI.  shows  the  "  semi-indirect  " 
system.  In  this  case  the  bowl  (a)  is  not 


opaque  but  translucent,  that  is,  of  ground  or 
opal  glass.  The  result  is  that  some  of  the 
light  from  the  mantle  passes  through  the 
bowl  directly  to  the  working  area  below, 
while  some  is  reflected  back  to  the  walls  and 
ceiling  in  the  manner  shown  by  the  arrows, 
and  is  ultimately  directed  to  the  lower  part  of 
the  room.  The  light  that  passes  through  the 
bowl  is  scattered  as  a  divergent  ray  as  shown 
at  (d),  which  effect  constitutes  one  form  of 
diffusion. 

Fig.  XXVII.  shows  the  "  direct  "  system. 
In  this  case  much  of  the  light  reaches  the 
working  area  direct,  but  the  more  horizontal 
rays  which  are  so  troublesome  to  the  eyes  are 
re-directed  downwards  at  angles  at  which 
they  are  not  only  harmless  but  also  more 
effective. 


PART  II.— LESSON  78. 


GAS  FOR  LIGHTING— continued. 


Requisites  for  good  illumination. 

The  chief  desiderata  for  any  kind  of  illumination  are 
that  it  should  be  adequate,  that  it  should  be  steady, 
that  the  light  should  come  from  the  right  direction  and 
should  not  cast  inconvenient  shadows,  and  that  there 
should  be  no  "  glare." 

Bad  lighting  affects  the  health. 

The  evils  wrought  by  any  system  of  lighting  that 
does  not  fulfil  these  conditions  may  be  very  consider- 
able. Not  only  are  the  eyes  themselves  affected,  but 
the  general  health  also  suffers.  Good  lighting  conduces 
to  a  cheerful  disposition,  whereas  bad  lighting  has  the 
contrary  effect.  Good  lighting  is  therefore  o>f  vital 
importance  to  the  adult  in  his  daily  occupation,  and  also 
to  children  at  home  and  at  school.  A  Home  Office 
Committee  has  within  the  last  few  years  published  a 
Report  of  its  investigations  into  the  lighting  of  factories, 
and  has  made  abundantly  clear  that  bad  lighting  has 
a  decided  physical  and  psychological  effect  upon  those 
who  suffer  under  it ;  and  what  is  true  of  the  industrial 
world  is  also  true  of  ordinary  domestic  life. 


Eyesight  and  illumination. 

It  may  be  taken  as  proved  by  physiological  experi- 
ment that  the  human  eye  cannot  admit  with  comfort 
a  greater  brilliancy  of  light  than  about  5  candle-power 
per  square  inch  of  lighting  surface.  This  is  an  illumina- 
tion equal  to  that  of  the  Argand  gas  flame  or  that 
of  an  ordinary  single-burner  oil  lamp.  An  incandescent 
mantle  possesses  an  intrinsic  brilliancy  of  about  20 
candle-power  per  square  inch,  hence  it  needs  a  diffusing 
globe  or  reflecting  shade  so  arranged  that  the  eyes  of 
persons  near  the  source  of  light  can  never  encounter  a 
brilliancy  of  more  than  4  candles  per  square  inch. 

A  carbon  filament  has  an  intrinsic  brilliancy  of  about 
400  candle-power  per  square  inch,  while  metal  filaments 
have  a  brilliancy  varying  from  600  to  1,000  candle- 
power  per  square  inch.  Some  of  the  more  recent  electric 
lamps  have  brilliancies  as  high  as  5,000  candles  per 
square  inch. 


Increasing  importance  of  using 

diffusing  and  shading  appliances. 

Seeing  that  one  of  the  features  accompanying  the 
development  of  modern  lighting  is  the  greater  brilliancy 
of  the  light  sources,  the  proper  use  of  shades  and 
diffusing  globes  has  become  a  matter  of  vital  import- 
ance, and  the  greater  the  brilliance  of  the  source  the 
mere  care  must  be  taken  in  its  shading  in  order  to 
prevent  dazzle  or,  as  it  is  more  commonly  termed,  glare. 

A  familiar  example  will  «ihow  how  glaring  lights 
fatigue  and  distress  the  eyes.  Everyone  knows  how 
impossible  it  is  to  see  anything  when  "  blinded  "  by 
the  flash  of  a  motor-car  headlight  in  a  dark  road.  The 


driver,  from  whose  eyes  the  light  is  screened,  can 
easily  make  out  everything  on  the  brightly-illuminated 
roadway ;  but  the  pedestrian  in  whose  eyes  the  beam  is 
shining  can  see  nothing  except  the  glaring  headlight. 
This  is  an  excellent  example  of  the  meaning  of  the 
principle,  "  Light  on  the  object,  not  in  the  eye." 

Incandescent  gas  is  artificial  daylight. 

The  best  kind  of  illumination  is,  naturally  enough, 
that  which  is  most  akin  to  daylight.  Incandescent  gas 
lighting  in  its  composition  comes  very  near  to  daylight, 
and  therefore  permits  of  the  proper  discrimination  be- 
tween colours  for  many  purposes.  This  point  is 
important,  both  hygienically  and  industrially.  When 
very  accurate  colour  work  has  to  be  done,  as  in  the 
case  of  preparing  paint  pigments,  printing  colours  and 
dyes,  the  incandescent  gas  light  can  be  rendered  more 
perfect  by  the  use  of  suitable  colour  screens.  When 
treated  in  this  way  the  light  is  known  as  "  artificial 
daylight." 

The  COa  fallacy. 

There  is  another  side  also  to  the  hygienic  value  of 
gas.  One  of  the  disadvantages  which  used  frequently 
to  be  urged  against  any  system  of  lighting  by  gas 
was  the  amount  of  heat  and  CO2  given  off  by  it.  This, 
it  was  argued,  made  a  room  stuffy  and  uncomfortable, 
and  induced  headache,  lassitude,  and  a  general  sense 
of  discomfort.  Insistence  was  also  laid  upon  the  dis- 
advantage of  having  the  oxygen  in  the  air  of  a  room 
used  up  to  support  the  combustion  of  gas  when  it  might 
otherwise  have  been  available  for  the  vital  human 
functions. 


The  poison  of  organic  matter. 

These  contentions,  however,  have  been  by  repeated 
experiments  proved  to  be  fallacious.  It  is  now  known 
that  it  is  the  organic  matter  always  accompanying 
humanly-produced  carbon  dioxide  which  is  injurious  in 
an  unventilated  space,  rather  than  the  CO2  itself,  and 
that  pure  CO2,  even  when  present  in  such  quantities  as 
3  to  4  per  cent.,  has  no  effect  except  to  deepen  the 
breathing.  It  is  not  until  its  proportion  is  6  per  cent, 
that  it  has  definitely  deleterious  effects.  It  must  be 
remembered  that  the  CO2  expired  from  the  body  is 
accompanied  by  organic  matter  which  ultimately  decays 
and  produces  unhealthy  results.  The  CO2  from  gas  is, 
however,  perfectly  free  from  decayable  matter  and  is 
therefore  not  unhealthy. 

Notable  scientists  have  also  shown  that  the  oxygen 
in  the  air  may  be  reduced  to  17'5  per  cent,  without 
interfering  with  the  ordinary  functions  of  life,  and  have 
come  to  the  conclusion  that  the  discomfort  and  oppres- 
sion caused  in  badly-ventilated  rooms  have  nothing  to 
do  with  the  chemical  composition  of  the  air,  health 
being  dependent  upon  temperature,  moisture,  and 
movement  of  the  air. 
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PART  II.— LESSON  79. 


GAS  FOR  LIGHTING—  continued. 


BLACKBOARD. 


Ir 


Fig.  XXVIII. 


Fig.  XXIX. 


Fig.  XXX. 


THE   PREVENTION   OF    GLARE   (to   illustrate   Lesson    78). 


Fig.  XXVIII.  shows  a  globe  for  use  in 
upright  burners  which  was  designed  by  Dr. 
N.  Bishop  Harman,  Oculist  to  the  L.C.C. 
Education  Department.  It  is  an  excellent 
device.  The  sloping  part  (a)  is  of  opal  glass 
and  the  flat  part  (b)  of  clear.  The  result  is 
that,  in  the  normal  line  of  sight,  the  eyes  of 
the  scholars  in  a  school-room  never  encounter 
the  bright  unshaded  mantle,  and  at  the  same 
time  the  light  is  more  effective  in  so  far  as  it 
is  directed  downwards  to  the  desks.  The 
brightness  of  the  opal  part  of  the  shade,  which 
is,  of  course,  in  the  line  of  vision,  is  well 
below  the  permissible  limit  as  regards  glare. 
Upright  burners  are  usually  fitted  with  chim- 
neys such  as  (c)  in  Fig.  XXVIII.  The  gallery 
(d)  is  a  part  of  the  burner  and  supports  the 
globe. 

Fig.  XXIX.  shows  a  type  of  globe  that  is 
frequently  used  with  inverted  burners.  In 
this  case  the  upper  half  is  of  clear  glass  and 


the  lower  part  of  opal  or  frosted  glass-  This 
arrangement  allows  the  light  to  pass  without 
interruption  to  the  upper  parts  of  the  room, 
but  no  light  passes  downwards  -without  first 
undergoing  diffusion  by  its  passage  through 
the  opal  glass.  It  will  be  observed  that  this 
arrangement  is  similar  in  its  general  charac- 
teristics to  the  "  semi-indirect  "  system  de- 
scribed in  Lessons  76  and  77. 

Fig.  XXX.  shows  another  form  of  shade 
for  preventing  glare.  It  is  generally  conical 
in  form,  although  a  variety  of  patterns  are 
made.  It  is  sometimes  of  enamelled  steel  and 
therefore  opaque,  and  sometimes  of  opal  glass 
and  therefore  translucent.  In  either  case  the 
troublesome  horizontal  rays  are  turned  in  a 
downward  direction.  Sometimes  the  conical 
shade  shown  in  Fig.  XXX.  is  used  in  con- 
junction with  the  globe  shown  in  Fig.  XXIX. 
in  order  to  get  a  more  efficient  diffusion  and 
distribution  of  light. 


PART  II— LESSON  80. 


GAS  FOR  LIGHTING— continued. 


Gas  as  an  agent  of  ventilation. 

In  view  of  the  facts  stated  in  Lesson  78,  it  is 
evident  that  gas  lighting-  can  claim  to  be  really  instru- 
mental in  promoting  hygienic  conditions,  inasmuch  as  it 
is  a  powerful  agent  of  ventilation.  Experience  has 
often  shown  (contrary  to  general  expectation)  that  a 
room  lighted  by  electric  light  becomes  stuffy  much 
sooner  than  another  under  similar  conditions  which  is 
lit  by  incandescent  gas. 

Gas  and  "stuffiness." 

The  late  Professor  Vivian  Lewes,  in  his  own  words, 
"  once  made  some  experiments  in  a  room  having  a 
capacity  of  2,700  cubic  feet,  and  obtained  the  totally 
(to  me)  unexpected  result  that  when  the  room  was 
lighted  by  two  Welsbach  '  C  '  burners  and  mantles  on 
a  pendant,  each  consuming  4  cubic  feet  of  gas  per 
hour,  the  air  at  breathing  level  in  the  room  was  far 
purer  and  fresher  than  when  three  16-candle  incan- 
descent electric  lamps  were  used ;  and  the  result  became 
the  more  markedly  in  favour  of  gas  the  larger  the 
number  of  people  in  the  room." 

Gas  assists  air  movement. 

The  reason  for  this,  in  the  words  of  another  authority, 
is  as  follows: — "When  gas  is  properly  burned  and 
complete  combustion  is  attained,  carbon  dioxide  and 
aqueous'  vapour  are  given  off.  These  products  of  com- 
bustion being  evolved  at  a  higher  temperature,  set  up 

ascending  currents  of  air These  hot  currents 

heat  the  upper  regions  of  air  in  the  apartment,  together 
with  the  walls,  windows  and  ceilings,  which  were  the 
cooling  agents  previously.  The  result  is,  naturally, 
that  the  risen  air  is  prevented  from  cooling  down  again 
before  it  can  pass  from  the  apartment. 

"  Not  only  so,  but  dry  air  has  a  comparatively  low 
specific  heat,  and  very  quickly  parts  with  heat  to  the 
cooler  walls  of  the  room.  Therefore,  if  the  ascending 
currents  of  air  were  dry,  the  rapid  cooling  of  them 
by  the  windows,  walls,  etc.,  would  tend  to  set  up  a 
circulating  current  of  air  which  would  be  most  uncom- 
fortable. But  steam  has  a  much  higher  specific  heat, 
and  therefore  retains  heat  longer,  and  when  brought 
into  contact^  with  cooler  bodies  heats  them  to  a  corres- 
pondingly higher  degree.  The  continual  reinforcement 
of  the  cooling  air  at  the  ceiling  by  the  vapour-laden 
ascending  currents  maintains  the  temperature  and  keeps 
the  air  in  a  state  of  continual  but  gentle  motion." 


The  sterilising  effect  of  gas. 

The  air  of  any  living  room  contains,  in  addition  to 
exhalations  from  the  human  organism,  dust  particles, 
microbes,  and  disease  germs  in  countless  multitudes. 
Here  again  gas  exercises  a  beneficial  function.  As  the 
burning  of  gas  sets  the  air  in  motion,  a  continual 
current  of  air  is  brought  either  into  actual  contact  with, 
or  within  the  influence  of,  the  burning  gas,  and  so  is 
subjected  to  an  amount  of  heat  which  cremates  organic 
impurities,  incinerates  dust  particles  and  microbes, 
and,  in  short,  sterilises  the  air  of  the  room. 


Cause  of  blackened  ceilings,  etc. 

The  blackening  of  the  ceiling  over  gas  burners  which 
is  sometimes  urged  against  the  use  of  gas  lighting 
is  an  evidence  of  its  hygiene;  the  discolouration  is 
simply  caused  by  the  depositing  of  the  charred  remains 
of  germs  and  organic  matter. 


Diffusion. 

Experiments  specially  carried  out  have  also  proved 
that  no  less  than  nine-tenths  of  the  products  of  com- 
bustion are  removed  from  an  ordinary  apartment  by 
the  process  of  diffusion,  wherebv  gases,  instead  of 
arranging  themselves,  like  other  forms  of  matter, 
according  to  their  weight,  undergo  a  mingling  the  rate 
of  which  is  dependent  upon  their  weight.  As  plaster 
and  bricks  are  full  of  minute  openings  or  pores,  they 
allow  gases  to  diffuse  with  considerable  rapidity.  The 
result  is  that  diffusion  through  the  ceilings  and  the 
walls  in  the  upper  part  of  the  room  provides  so  rapid 
an  egress  for  the  hot  gases  that  they  have  not  time  to 
mingle  with  the  lower  air,  while  fresh  air  is  being  con- 
stantly drawn  in  through  every  crack  and  crevice  left 
by  the  jerry  builder. 


The  case  for  gas  lighting. 

It  may  therefore  be  stated  with  truth  that  in  addition 
to  being  the  most  economical  and  the  most  efficient 
of  present-day  illuminants,  gas  not  only  has  no  harmful 
effects  upon  the  eyes,  but  also  assists  to  a  great  degree 
in  securing  hygienic  conditions  in  the  rooms  in  which 
it  is  used. 


Theory  of  artificial  daylight. — Absorption. — Reflection. — Characteristics  of  different 
spectra  of  illuminants. — Non-luminous  portions  of  spectra. 
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PART  II.— LESSON  81. 


THE   GAS    METER. 


In?earlier  days. 

The  sale  of  gas  by  measure  has  been  practised  for 
so  long-  a  time  that  "  the  memory  of  the  oldest  in- 
habitant runneth  not  to  the  contrary,"  and  it  requires 
some  effort  of  thought  to  conceive  of  a  different  system. 
Yet  it  is  a  historical  fact  that  when  most  of  the  big 
gas  undertakings  now  existing  began  business,  gas 
lit^ht  \\as  supplied  by  time  contracts. 

Gas  rental. 

As  the  gas  itself  was  not  used  for  any  other  purpose 
than  the  supply  of  a  certain  number  of  lights,  intended 
to  be  lighted  up  regularly  at  dusk  and  extinguished 
at  a  specified  time  every  night,  this  method  did  not 
seem  to  present  any  great  difficulty.  The  arrangement 
was  styled  "  Gas  Rental,"  a  term  which  is  perpetuated 
in  the  Revenue  Accounts  of  gas  undertakings  to  the 
present  day;  and  the  system  still  remains  in  operation 
for  public  street  gas  lighting  contracts.  It  has  also 
been  revived  in  respect  of  the  service  of  shopkeepers' 
display  lights. 


Legal  position  of  the  meter. 

It  was  not  until  some  fifty  years  after  the  actual 
introduction  of  gas  supply  that  the  first  meter  made 
its  appearance,  but  before  passing  on  to  that  point  it 
may  be  convenient  to  say  something  of  the  legal  stand- 
ing of  the  consumer's  meter. 


Safeguarding  the  consumer. 

In  law,  the  indications  of  the  meter  index  as  to  the 
quantity  of  gas  that  has  been  delivered  and  must  be 
paid  for  are  only  prima  facie  evidence ;  and  if  the  pur- 
chaser questions  their  correctness  he  has  the  opportunity 
and  the  onus  of  disproving  them.  It  is  always  open 
to  him  to  have  his  meter  tested  by  the  duly  appointed 
authority,  either  after  removal  for  the  purpose  to  the 
Meter  Testing  Station  or  by  means  of  a  portable 
standard  meter  brought  to  the  premises. 


Defects  of  the  rental  system. 

The  reason  for  the  introduction  of  the  meter  is  plain. 
The  original  rental  system  was  obviously  defective  and 
unsatisfactory  to  both  parties.  The  first  difficulty  arose 
in  regard  to  the  pressure  of  the  supply.  The  quantity 
of  any  fluid,  gaseous  or  otherwise,  which  will  flow  in  a 
given  time  from  an  orifice  opening  into  the  atmosphere 
depends  chiefly  upon  the  driving  power  or  pressure 
behind  it.  The  primitive  gas  burners  were  all  of  the 
simple  "  luminous  "  type,  which  is  merely  a  hole  at 
the  end  of  a  gas  pipe  ;  and  the  size  of  the  flame  depended 
wholly  upon  the  sufficiency  and  uniformity  of  the  pres- 
sure of  'Jie  supply. 

Now  absolute  constancy  and  adequacy  of  pressure  all 
over  the  district  supplied  is  an  ideal  after  which  gas- 
works' managers  have  continually  striven ;  but  owing 
to  a  multiplicity  of  technical  difficulties  this  ideal  is 
even  yet  not  always  realised  in  ordinary  practice. 
Naturally,  therefore,  in  the  early  days  of  gas  supply  it 
was  unattainable.  Moreover,  when  the  consumer  of  gas 
wanted  the  most  brilliant  flame  he  could  get,  the  burner 
was  made  to  consume  more  gas  than  it  should  do  at 
the  mean  pressure,  which  meant  that  the  suppliers 
suffered  financially. 

No  protection  for  the  gas  undertaking. 

Furthermore,  the  street  mains  and  service  pipes  were 
in  those  days  all  of  so  makeshift  a  character  that  it  was 
a  grave  consideration  with  the  undertakings  to  keep 
the  pressure  down  to  the  lowest  permissible  figure, 
which  commonly  meant  just  on  the  windward  side  of 
a.  veritable  cyclone  of  complaints.  Again,  the  gas 
supply  was  of  necessity  constantly  laid  on  and  "could 
therefore  be  constantly  tapped;  and  the  undertakings 
had  no  means  of  preventing  individual  consumers  from 
using  more  than  they  had  contracted  or  paid  for. 

It  is,  therefore,  not  surprising  that  from  the  very 
beginning  the  gas  industry  sought  a  means  of  selling 
gas  by  measure;  but  they  found  great  difficulties  in 
the  way  of  the  design  and  construction  of  a  suitable 
meter.  A  satisfactory  gas  consumer's  meter  must  fulfil 
numerous  apparently  contradictory  requirements,  as 
described  in  the  following  lesson. 


89 


PART  II— LESSON  82. 


THE    GAS    METER— continued. 


Requirements  of  a  good    meter. 

(1)  It  must  be  reasonably  accurate  and  trustworthy, 
say  up  to  the  standard  of  a  good  watch ;  (2)  it  must 
be  durable;  (3)  it  must  work  with  but  little  driving 
power,  which  must  also  be  obtained  from  the  gas ; 
(4)  it  must  measure  with  equal  accuracy  both  the 
smallest  and  the  largest  volume  of  gas  passing  through 
it ;  (5)  it  must  be  reasonably  safe  in  action ;  (6)  it  must 
be  fairly  immune  from  fraudulent  interference;  (7)  it 
must  not  jump,  stick,  or  make  a  noise;  (8)  it  must  be 
inexpensive ;  (9)  its  indications  must  be  easily  read,  in 
terms  of  the  commercial  measure  of  gas;  (10)  above  all 
it  must  admit  of  thorough  verification,  and  be  stamped 
as  a  legally  correct  measuring  instrument. 

This  list  of  necessary  qualifications  is  by  no  means 
exhaustive,  and  it  is  therefore  not  wonderful  that  many 
years  passed  before  a  meter  was  made  to  satisfy  the 
tests  of  experiment  and  practice. 

Clegg's  first  attempts. 

The  earliest  attempt  was  due  to  the  ingenious  Samuel 
Clegg,  "first  engineer  of  the  pioneer  gas  company,  now 
known  as  the  Gas  Light  and  Coke  Company.  He  pro- 
ceeded along  the  fairly  obvious  lines  of  a  pair  of 
bladders,  filling  and  emptying  alternately  as  the  pressure 
of  the  entering  gas  lifted  a  weight  on  them ;  but  among 
other  difficulties  that  of  finding  a  suitable  membrane 
proved  insuperable.  He  then  tried  an  arrangement 
consisting  of  a  chambered  drum  revolved  horizontally 
in  water;  but  although  this  appeared  to  anticipate  the 
"  wet  "  meter,  which  eventually  proved  successful, 
he  missed  the  essential  of  unoscillating  filling  and 
emptying. 

The  wet  meter. 

The  wet  meter  was  then  taken  in  hand  by  a  series 
of  clever  mechanicians  until  it  was  perfected  as  a 
positive  measurer  of  the  volume  of  gas  flowing  at  a 
steady  pressure  through  the  instrument.  In  this  meter 
the  capacity  of  the  measuring  chambers  is  secured  by 
sealing  them,  and  they  revolve  round  a  horizontal  axis 
under  the  impulsion  of  the  moving  stream  of  gas,  in 
water  maintained  at  a  constant  level. 

Its  accuracy. 

The  wet  meter  is  employed  exclusively  when  gas  has 


to  be  measured  with  the  greatest  accuracy,  for  scientific 
or  legal  purposes.  There  are  no  valves  in  it,  and  its 
simplicity  renders  it  easy  to  construct;  there  are  no 
friction  parts  to  stick  nor  anything  to  get  out  of  order, 
so  long  as  the  material  holds  together.  The  revolu- 
tions of  the  drum  are  registered  by  a  train  of  wheels 
indicating  the  volume  of  gas  passed  on  dials,  of  which 
each,  counting  from  left  to  right,  is  a  tenfold  multiplier 
of  the  one  before. 

The  wet  meter  supplanted  by  the 
dry  meter  for  general  purposes. 

Although  the  wet  meter  perfectly  satisfied  the  re- 
quirements specified,  and  thereby  put  the  commercial 
supply  of  gas  upon  a  sound  footing,  it  has  failed  to 
maintain  its  position  in  the  ordinary  service  of  private 
consumers  of  the  largest  British  gas  undertakings,  and 
of  many  others.  For  over  thirty  years  not  a  single 
wet  meter  has  been  provided  to  an  ordinary  consumer 
by  any  London  or  suburban  gas  company,  although  this 
type  of  gas  measurer  is  regularly  used  to  check  the 
manufacture  of  gas  at  the  works  and  for  the  largest 
consumers. 

The  reason. 

The  explanation  of  this  fact  lies  in  the  greater  con- 
venience of  the  alternative  type  of  consumer's  meter — 
called'  the  "  dry  "  meter — which  satisfies  the  require- 
ments of  the  law  and  of  business  quite  as  well  and 
gives  less  trouble.  The  fatal  drawback  to  the  wet 
meter  was  its  liability  to  stop  working,  thereby  plunging 
the  consumer's  house  or  shop  into  darkness,  if  the 
water  happened  to  freeze  on  a  cold  winter's  night. 
Seeing  that  this  would  be  just  the  time  when  a  good 
supply  of  gas  was  needed,  the  stoppage  of  the  meter 
would  give  great  annoyance.  From  the  companies' 
point  of  view,  also,  the  weakness  of  the  meter  lay  in 
the  necessity  for  inspection  every  six  weeks  or  so,  in 
order  that  a  correct  water  level  might  be  maintained ; 
and  perhaps  at  other  and  irregular  intervals,  in  doubt- 
ful cases,  to  prevent  tampering  with  the  water  level 
so  as  to  make  the  meter  register  too  slow. 

The  dry  meter. 

Consequently,  for  one  reason  and  another,  the  dry 
type  of  meter  has  almost  universally  supplanted  the  wet. 


Dial  — 


CUBIC       reer 
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PART  II.— LESSON  83. 


THE    GAS    METER— continued. 


The  dry  meter. 

The  principle  of  the  dry  meter  is  that  of  a  pair  of 
circulating  bellows,  into  which  and  from  which  the  gas 
passes  alternately.  These  bellows  are  so  regulated  that 
at  each  filling  they  only  open  to  the  extent  of  being 
able  to  hold  a  certain  definite  quantity  of  gas.  They 
are  contained  within  a  case  of  tinned  iron,  which  is 
divided  into  four  by  a  central  partition  and  the  two 
bellows  or  diaphragms  themselves.  The  gas  enters  and 
leaves  these  compartments  alternately  through  valves 
(very  similar  to  those  used  on  steam  engines,  but  made 
of  exceedingly  hard,  white  metal)  whose  passages  are 
made  to  open  and  clo>se  at  the  proper  moment.  These 
valves  are  placed  at  90°  to  one  another  so>  that  the  two 
connecting  rods  can  be  fitted  to  the  one  crank  and  the 
opening  and  closing  movement  take  place  in  proper 
rotation.  The  resultant  expansion  and  contraction  of 
the  bellows  is  communicated  to  the  upper  chamber  of 
the  case  by  what  are  termed  "  flags  "  and  "  flag 
wires,"  to  the  upper  end  of  which  are  attached  hinged 
arms  which  rotate  the  crank  actuating  the  valves. 
Attached  to  this  crank  is  a  worm  which  drives  the  index 
to  record  the  number  of  times  the  bellows  are  filled 
and  emptied. 

The  diaphragms. 

The  diaphragms,  or  collapsible  portion  of  the  bellows, 
are  made  of  the  best  quality  of  Persian  sheep-skin, 
specially  dressed  for  the  purpose.  There  is  consider- 
able variation  in  the  methods  of  fastening  the  sheepskin 
to  the  rim  and  disc.  Some  makers  tie  it  on  with  wire, 
others  secure  it  by  means  of  a  circular  tin  clip  bent 
over  and  pressed  home  by  machinery.  Others  again 
prefer  to  use  a  specially  prepared  cord.  When  tinned 
steel  or  iron  wire  is  used  the  leather  has  to  be  protected 
from  injury  by  means  of  a  band  of  flax  webbing,  strip 
of  leather  or  other  material  inserted  between  the  wire 
and  the  diaphragm. 


The  importance  of  good 
workmanship. 

It  is  highly  important  that  the  best  of  workmanship 
should  go  to  the  manufacture  of  the  meter,  especially 
as  regards  the  correct  action  of  the  valves;  the  slightest 
fault  may  result  in  its  defective  working.  It  is 

also  necessary  that  the  materials  used  should  be  of  the 
best,  as  the  length  of  life  of  a  meter  is  largely  governed 
by  the  material  of  which  the  case  is  made.  This  is 
generally  the  best  charcoal-annealed  tinned-iron  plates 
which,  as  experience  has  shown,  resist  the  corrosive 
action  of  moisture  better  than  any  others  and  are  con- 
sequently more  durable.  Sometimes  when  a  meter  is 
more  than  usually  exposed  to  moisture  or  other  destruc- 
tive influences  the  case  is  made  of  cast-iron  instead  of 
tin.  This  means  the  inconvenience  of  additional  weight, 
but  the  increased  durability  amply  compensates. 

Renting  the  meter. 

Meters  ought  to  be  fixed  in  a  dry  and  cool  situation. 
They  ought  also  to  be  fixed  where  they  can  be  easily 
read.  The  latter  appears  a  truism,  but  many  gas  con- 
sumers in  their  failure  to  realise  the  importance  of  the 
meter  as  a  factor  in  household  economy  insist  on  having 
it  stowed  away  in  the  most  inconvenient  and  absurd 
places.  The  same  cause  is  doubtless  responsible  for 
the  feeling,  still  sometimes  met  with,  against  the 
general  practice  of  charging  a  rent  for  the  gas  meter. 
Some  people  argue  that  since  the  butcher  and  the 
grocer  do  not  charge  for  the  use  of  weights  and  scales, 
gas  ought  to  be  measured  free ;  but,  of  course,  if  a 
shopkeeper  had  to  provide  a  separate  set  of  weights  and 
measures  for  each  customer  he  would  have  to  charge  for 
them.  The  cost  of  metering,  including  repairs  and 
maintenance,  is  by  no  means  a  negligible  quantity,  and 
the  charge  made  is  perfectly  equitable.  Electricity  is 
also  supplied  by  meter  at  rental  charge. 
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THE    GAS    METER— continued. 


The  slot  meter. 

In  the  case  of  the  slot  meter  the  hire  of 
the  meter,  as  well  as  the  fixing  and  maintenance 
of  the  apparatus  and  the  cost  of  the  gas  consumed  is 
covered  by  the  coins  put  into  the  slot.  This  is  a  con- 
venience much  appreciated,  and  is  one  of  the  many 
reasons  why  the  slot  meter  system  of  gas  supply  has 
become  so  popular.  To  make  this  arrangement  fair 
all  round  the  gas  undertakings  are  permitted  by  law  to 
charge  slightly  more  per  thousand  cubic  feet  for  gas 
supplied  to  slot-meter  consumers  than  for  that  supplied 
through  the  ordinary  type  of  meter  (see  Lesson  45). 

Other  types  of  meter. 

Mention  should  just  be  made  of  two  other  types  of 
meter — the  discount  meter  and  the  taxi-meter.  The 
discount  meter,  which  is  constructed  on  different  lines 
from  the  ordinary  meter,  is  used  in  factories,  etc.,  in 
which  large  quantities  of  gas  are  consumed  for  heating 
or  other  purposes  at  a  special  rate  of  discount. 

The  taxi-meter. 

The  taxi-meter  is  a  development  of  the  discount 
meter,  and  is  generally  used  in  hotels,  boarding  houses, 
etc.,  in  connection  with  gas  fires.  The  owner  of  the 
establishment  is  provided  with  a  key  which  can  move 
the  hand  of  the  registering  dial  back  to  zero,  and  makes 
use  of  this  when  the  room  is  let  to  a  new  tenant ;  s*o 
that  at  the  end  of  a  week  the  tenant  can  see  exactly  how 
much  gas  he  has  used,  and  pay  accordingly.  It  should 
be  noted  that  the  key  cannot  turn  the  pointer  forward. 
This  kind  of  meter  is  also  useful  in  the  kitchen,  as  it 
enables  the  mistress  of  the  house  to  keep  careful  watch 
over  the'  amount  of  gas  used  for  cooking  and  to  detect 
any  wastefulness  immediately. 

A  reliable  instrument. 

The  gas  meter  is  a  much  maligned  instrument,  and 
this  in  spite  of  the  fact  that  all  possible  precaution  is 
taken  to  make  it  reliable  and  fair.  An  Act  of  Parlia- 
ment, called  the  Sale  of  Gas  Act,  was  passed  in  1859, 


and  defined  the  legal  standard  or  unit  of  gas  when  sold 
by  measure  as  the  cubic  foot,  containing  62'321  pounds 
avoirdupois  of  distilled  or  rain  wal.er.  Models  of  this 
unit  of  capacity  were  ordered  to  be  supplied  for  the 
purpose  of  testing  meters,  and  it  was  further  laid  do\\  n 
that  no  meter  can  be  legally  approved  if  it  is  capable 
of  an  error  of  more  than  2  per  cent,  in  favour  of  the 
gas  undertaking  or  of  more  than  3  per  cent,  in  favour 
of  the  consumer.  If  a  meter  can  by  any  means  be  made 
to  register  outside  these  limits  the  Board  of  Trade  In- 
spector will  refuse  to  stamp  it  with  the  oval  wax  seal 
which  denotes  it  to  be  a  reliable  instrument  of  gas 
measurement. 


Challenging  a  meter. 

It  will  be  seen  that  by  this  proviso  the  customer  gets 
the  best  of  the  bargain,  and  although  people  are  so 
ready  to  accuse  their  meters  of  registering  a  quantity  of 
gas  in  excess  of  what  they  have  really  used,  in  point  of 
fact  if  a  meter  does  go  wrong  it  must  always  be  in 
respect  of  passing  gas  unmeasured.  If,  however,  a 
consumer  is  dissatisfied  with  his  meter,  all  he  has  to 
do  is  to  send  a  formal  complaint  to  his  gas  under- 
taking, who  will  then  remove  the  meter,  substituting 
a  temporary  one,  and  submit  the  original  one  for  test 
to  a  Government  Inspector.  If  he  finds  that  it  is  not 
working  properly  according  to  the  Sale  of  Gas  Act,  he 
breaks  the  seal  and  the  meter  is  not  re-stamped  until 
it  has  been  repaired  and  correctly  adjusted.  In  this 
case  the  gas  undertaking  bears  all  the  cost  of  the 
removal  and  testing,  and  makes  some  remittance  on 
past  charges.  If,  on  the  other  hand,  the  meter  is  found 
to  be  correct,  it  is  the  consumer  who  has  to  pay  for 
his  mistrust  of  it. 


Trusting  the  meter. 

It  will  thus  be  seen  that  the  consumer  is  amply  pro- 
tected against  fraud  by  the  suppliers  of  gas,  and  it  is 
much  to  be  wished  that  everyone  would  look  upon  their 
meter  as  a  friend  rather  than  an  enemy,  enabling  them 
to  check  undue  extravagance  and  generally  economise 
in  consumption. 
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PART  11.— LESSON..85. 

GAS  FOR  INDUSTRIAL  PURPOSES. 


The  most  important  use  of  gas. 

We  have  now  considered  the  ways  in  which  coal  gas 
can  be  effectively  and  economically  employed  for  domestic 
lighting,  cooking,  heating,  and  water-heating,  and  shall 
now  proceed  to  study  the  industrial  uses  of  gas.  This 
aspect  of  its  utility  is  perhaps  more  important  than  the 
other,  if  only  for  the  fact  that  the  scope  of  its  applica- 
tion is  so  much  greater. 

Gas  the  industrial  fuel  of 
the  future. 

Gas  is  undoubtedly,  as  will  be  shown  later,  the 
industrial  fuel  par  excellence  of  the  future,  and  as  such 
some  knowledge  of  its  many  and  varied  possibilities  is 
imperative  for  all  who  are  going  out  into  the  world 
of  industry.  The  war  gave  a  tremendous  impetus  to  the 
use  of  the  gas  furnace.  It  may  be  said  with  truth  that 
there  was  no  single  national  department,  civil  or 
military,  which  was  not  indebted  to  gas  in  one  way 
or  another. 

The  merits  of  the  gas  furnace. 

Now  that  the  war  is  over,  gas  will  be  just  as 
universally  employed  for  the  purposes  of  peace,  for  it 
has  shown  its  worth.  Gas  can  help  towards  increased 
output,  by  freeing  floor  space  formerly  needed  for  coal 
storage,  chimney  stacks,  etc.,  by  reducing  the  number 
of  "  hands"  necessary,  by  shortening  the  duration  of 
processes,  and  by  ensuring  perfection  of  production 
through  its  absolute  adaptability  and  reliability. 

The  need  for  practical  science 
teaching. 

Much  stress  has  been  laid  lately  upon  the  urgent 
need  for  more  systematic  and  suitable  instruction  in 
science  in  schools  of  every  grade.  It  has  been  pointed 
out  that  there  is  a  distinct  relation  between  pure  scien- 
tific discovery  and  industrial  research,  and  that  if  we 
are  to  maintain,  consolidate  and  improve  our  commer- 
cial position,  co-operation  between  these  two  depart- 
ments is  essential. 

The  importance  of  things. 

The   science  teaching   in   our  schools   will   therefore 


have  to  be  of  a  more  definitely  practical  nature  than 
hitherto;  and  pure  science  need  not  feel  degraded  by 
association  with  industrialism.  As  Dr.  William  Garnett, 
late  Education  Adviser  to  the  L.C.C.,  wisely  said: 
"  Our  educational  system  must  aim  at  bringing"  chil- 
dren more  into  contact  with  things,  from  which  the 
symbolic  methods  of  the  drawing  office  and  the  mathe- 
matical class  room,  which  are  absolutely  essential  in 
their  place,  should  naturally  grow,  as  the  young  worker 
finds  by  experience  that  he  needs  their  assistance.  The 
Scout  problem  of  lighting  a  fire  in  the  open  air  with 
the  use  of  not  more  than  two  matches  develops  more 
self-relia  ice  than  the  mastery  of  all  the  facts  in  a  text 
book  of  geography  or  history.  I  am  not  depreciating 
these  latter  subjects.  I  am  only  seeking  for  an  illus- 
tration by  comparison."  These  words  are  profoundly 
true. 

The  aim  and  object  of  these  notes. 

If,  then,  we  are  to  foster  the  growth  of  the  industrial 
invention  which  the  country  so  greatly  needs,  it  is 
important  that  the  child  shall  early  in  his  scientific 
studies  be  brought  into  contact  with  actualities.  He 
will  thus  learn  what  has  been  done  and  what  remains 
to  do.  It  is  therefore  to  be  hoped  that  teachers  will 
make  wide  use  of  the  Notes  on  the  industrial  uses  of 
gas,  with  the  idea  of  stimulating  first  interest  and  later 
discovery  in  connection  with  what  is  admittedly  a  most 
important  branch  of  mechanical  engineering. 

Future  of  industrial  gas. 

Remarkable  as  has  been  the  progress  of  gas  for 
street  lighting  and  for  domestic  purposes,  and  great  as 
is  the  future  which  lies  before  these  two  applications 
of  gas,  it  is  not  too  much  to  say  that  they  are  surpassed 
in  importance  by  the  use  to  which  gas  is  now  being, 
and  will  be  more  and  more  in  the  future,  put  for 
industrial  purposes. 

As  a  mere  statement  this  does  but  poor  justice  to 
the  national  importance  which  attaches  to  this  branch  of 
the  subject ;  and  it  will  be  well  to  detail  a  few  funda- 
mental facts  in  order  to  demonstrate  how  the  industrial 
use  of  gas  will  play  the  leading  part  in  shaping  the 
destiny  of  Great  Britain  in  particular,  and  will  help  to 
keep  her  foremost  among  the  nations  of  the  world. 
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GAS  FOR  INDUSTRIAL  PURPOSES-contfnua/. 


Two-thirds  too  much  coal  being 
burned. 

The  ideal  to  be  aimed  at  is  the  use  of  coal  only  in 
a  gaseous  state.  It  has  been  roughly  computed  that 
the  demand  for  power  used  at  the  present  time  in  Great 
Britain  for  her  various  industries  could,  with  an  efficient 
and  systematic  supervision  of  fuel  consumption,  even 
with  our  present  methods,  be  met  by  utilising  one-third 
of  the  amount  of  coal  now  burned.  (See  Note). 

Exhaustion  of  coal   supplies. 

With  the  chemist  and  the  engineer  now  taking  a 
leading  place  in  the  Industrial  affairs  of  the  nation  a 
very  different  state  of  affairs  may  be  expected  as  far 
as  our  knowledge  of  modern  fuel  technology  is  con- 
cerned. Greater  knowledge  of  this  sort  is  imperative, 
for  we  must  now  realise  that  Great  Britain's  coal 
supply — that  is  to  say,  the  coal  that  can  be  compara- 
tively easily  and  cheaply  mined — is  within  measurable 
distance  of  exhaustion.  Therefore  it  is  essential  for  the 
maintenance  of  the  empire  that  such  scientific  methods 
should  be  applied — if  necessary  by  legislation — as  will 
increase  very  considerably  the  number  of  years  our 
cheap  coal  supplies  are  likely  to  last. 

The  actual  and  the  possible. 

A  slight  calculation  will  show  how  far  from  attain- 
ing the  possible  we  are  at  present  and  ho<w  large  is  the 
margin  for  improvement.  For  industrial  purposes  it 
is  convenient  to  consider  gas  in  terms  of  British 
Thermal  Units,  since  it  is  the  heat  developed  by  the 
gas  when  burned  that  is  of  so  much  value.  A  British 
Thermal  Unit  is  the  amount  of  heat  that  will  raise  one 
pound  of  water  one  degree  Fahr.  and  is  usually  indi- 
cated as  B.Th.U.  The  number  of  B.Th.U.  produced  by 
the  burning  of  one  cubic  foot  of  gas  or  of  one  pound 
of  solid  or  liquid  fuel  is  termed  the  calorific  value.  The 
following  figures  show  the  calorific  values  for  some 
well  known  fuels  : 

Gas  540       B.Th.U.  per  c.  ft. 

Coal    =      14,500        „         per  pound. 
Coke   =     13,500        ,,         per  pound. 

Fuel  extravagance. 

The  inefficiency  of  our  present  methods  of  using  coal 
to  obtain  power  is  shown  by  the  fact  that  in  1903 
52,000,000  tons  of  coal  were  burned  for  industrial  pur- 
poses in  the  United  Kingdom,  and  that  the  power 
actually  obtained  represented  only  about  4  per  cent,  of 
the  heat  of  the  coal :  that  is,  96  per  cent,  of  the  heat 
was  actually  wasted. 

NOTE.— This  figure  must  not  be  taken  too  literally  as  the  subject  is  very  com- 
plicated and  technical.  It  is,  however,  true  that  engines  do  now  exist  which 
work  on  very  m-.irly  this  small  consumption,  which  is  slightly  smaller  than  the 
average  for  gas  engines. 


Great  improvements  have  been  made  since  1903,  but 
there  is  still  tremendous  waste.  Not  only  is  the  heat 
wasted,  but  also  the  valuable  by-products  derivable 
from  the  coal  are  destroyed.  Common  sense  seems  to 
show  that  all  our  coal  should  first  be  treated  so  as  to 
recover  the  by-products,  and  that  only  the  gas  and 
coke  should  be  burned  for  heating  and  power  purposes. 

What  gas  is  used  for. 

Thirty  to  thirty-five  years  ago  the  consumption  of 
gas  for  industrial  purposes  began  to  make  itself  felt, 
and  during  that  time  large  industries  have  been  called 
into  being  to  manufacture  apparatus  of  all  kinds  for 
the  utilisation  of  gas  for  industrial  work.  We  shall 
see  that,  quite  apart  from  the  gas  engine,  gas  is  used 
in  one  way  or  another  in  almost  every  industry  to  be 
thought  of.  Curiously  enough,  it  is  actually  used  for 
steam  raising;  there  are  gas  furnaces  for  all  kinds  of 
work — at  one  time  merely  laboratory  apparatus  but  now 
working  commercially  and  creating  new  fields  of  labour. 
Gas  is  used  in  the  glass  trade,  in  the  textile  industry, 
in  boot  manufacture,  for  metal  melting,  hardening, 
tempering,  etc.,  and  for  a  whole  host  of  other  opera- 
tions of  which  the  general  public  have  little  knowledge. 

The  smoke  problem. 

There  is  one  aspect  of  the  general  advantages  of  the 
use  of  gas  which  applies  with  some  force  to  the 
domestic  use  of  gas,  but  is  even  more  important  in 
relation  to  the  industrial  use  of  gas.  That  is  the  smoke 
nuisance.  It  has  been  established  beyond  doubt  that 
the  amount  of  sunshine  in  our  manufacturing  towns  is 
seriously  restricted  through  the  quantity  of  smoke  dis- 
charged into  the  air  from  furnaces  burning-  coal,  whilst 
the  effect  of  this  smoke  upon  plant  and  other  forms  of 
life,  including  human  life,  is  so  serious  as  in  itself  to 
call  for  Government  action.  In  London  of  recent  years 
the  diminution  in  the  number  of  small  factories  having 
their  own  boilers  burning  coal  (together,  of  course, 
with  a  simultaneous  decrease  in  the  number  of  domestic 
grates  and  kitchen  ranges  using  crude  coal)  has  added 
appreciably  to  the  hours  of  sunshine.  The  number  of 
London  fogs  of  the  kind  known  familiarly  as  the 
London  "  particular  "  has  decreased  to  a  remarkable 
extent,  and  the  increase  of  the  quantity  of  g-as  sold  for 
power  purposes  by  the  gas  companies  in  the  London 
area  tells  one  of  the  chief  reasons  why.  In  this,  how- 
ever, as  in  the  efficiency  to  be  got  out  of  coal  as  a  fuel, 
there  is  a  large  margin  for  improvement  and  an 
enormous  field  for  additional  applications.  It  is  quite 
unrealised  how  great  is  the  economic  cost  of  the  smoke 
evil  and,  what  is  more  important,  the  effect  it  has  on 
health  and  happiness  through  the  mental  depression 
which  results  from  living  in  an  atmosphere  of  gloom. 
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GAS  FOR  INDUSTRIAL  PURPOSES— continued. 


The  first  industrial  use  of  gas. 

The  first  application  of  gas  to  industrial  purposes  was 
the  gas  engine,  which  was  originally  introduced  in  1860. 
The  fact  that  a  gas  engine  works  through  the  explosion 
of  a  mixture  of  gas  and  air  inside  the  cylinder  of  the 
engine  led  to  the  adoption  of  the  term  "  internal  com- 
bustion engine,"  in  contradistinction  with  the  steam 
engine,  which  is  driven  by  "  external  combustion  " 
the  steam  being  produced  in  a  separate  boiler. 

Advantages  of  gas  engines. 

Gas  engines  are  superseding  steam  engines  because 
no  boiler  (which  means  no  stoker's  wages,  no  coal  dust 
and  ashes,  and  no  boiler  risks)  is  required ;  there  is 
no  smoke  nuisance ;  skilled  labour  is  unnecessary  ;  they 
can  be  started  and  stopped  at  will  and  so  only  use  fuel 
when  actually  doing  work.  A  steam  boiler  when  the 
engine  is  not  working  has  to  have  its  fires  "  banked  "  ; 
that  is,  kept  ready,  partly  fired  and  in  such  a  condition 
that  they  can  quickly  be  worked  up  by  means  of  the 
draught  arrangements,  when  steam  is  required  to  drive 
the  engine.  This  always  takes  from  a  quarter  to  half 
an  hour.  A  gas  engine,  on  the  other  hand,  can  be 
started  either  automatically  or  with  a  very  slight 
manual  effort  at  any  time. 

In  speaking  of  the  power  of  engines  it  is  usual  to 
indicate  them  as  being  equal  to  the  power  of  so  many 
horses.  When  we  remember  that  some  of  our  great 
battleships  are  driven  by  engines  of  70,000  horse  power 
it  gives  one  a  vivid  idea  of  the  immense  power  of 
these  ships. 

The  first  gas  engine. 

Lenoir's  first  gas  engine,  introduced  in  1860,  was 
discarded  on  account  of  the  excessive  consumption  of 
gas,  which  was  about  100  cubic  feet  per  hour  for 
each  horse-power.  Expressed  in  therms,  we  may  take 
1-1  Oth  of  a  therm  per  B.H.P.  hour  as  a  comparable 
present-day  figure. 

Six  years  later,  Otto  and  Langen  introduced  a  much 
more  economical  engine,  using  about  44  cubic  feet  per 
hour  for  each  horse-power,  worked  on  what  is  known 
as  the  "  Otto  "  principle,  which  is  employed  in  all  gas 
engines  to-day,  and  will  be  described  and  illustrated 
in  the  next  lesson. 

A  great  industry. 

Gas  engines  are  now  made  from  ^  to  about  2,500 
horse-power,  and  are  so  firmly  established  as  the  most 
economical  of  heat  motors  that  in  the  evidence  before 
the  Royal  Commission  on  Coal  Supplies  it  was  stated 
that  there  had  been,  and  would  continue  to  be,  such 
a  replacement  of  small  steam  engines  by  gas  engines 
that  we  could  look  forward  to  the  time  when  the  small 
steam  engine  would  be  a  thing  of  the  past. 


That  evidence,  given  a  few  years  ago,  is  already 
being  substantiated,  for  it  is  now  the  exception  rather 
than  the  rule  for  small  steam  engines  to  be  installed, 
the  two  main  reasons  being  that  the  gas  engine  occupies 
less  space  and  is  cheaper  to  run  than  the  steam  engine. 

What  the  abolition  of  the  boiler  means. 

The  fact  that  a  gas  engine  is  complete  in  itself  and 
needs  no  boiler  is  a  great  advantage.  The  floor  area 
thus  saved  is  then  available  for  other  purposes- 
Further,  a  steam  boiler  needs  very  careful  attention ; 
otherwise  serious  wear  might  take  place,  which,  it 
neglected,  would  result  in  the  bursting  of  the  boiler. 
Such  accidents  are  usually  accompanied  with  loss  ot 
life.  Again,  great  care  must  be  taken  in  the  selection 
of  the  water  for  the  boiler.  If  the  water  is  of  the 
nature  to  form  thick  fur,  such  as  may  be  seen  in  the 
ordinary  kettle,  it  has  to  be  specially  treated  before 
being  put  into  the  boiler,  which  treatment  necessitates 
still  more  apparatus.  Added  to  this  there  is  the  need 
of  careful  stoking.  It  seems  at  first  a  simple  thing 
to  put  coal  upon  a  fire,  but  in  the  case  of  steam 
boilers  inexperienced  stoking  means  either  a  deficient 
supply  of  steam  or  an  excessive  waste  of  fuel. 

When  it  is  remembered  that  Lenoir's  gas  engine  of 
1860  required  100  cubic  feet  of  gas  per  hour  for  each 
horse-power  produced,  and  that  the  best  modern  engines 
give  the  same  amount  of  power  with  only  17  cubic  feet 
of  gas  per  hour,  the  great  developments  of  recent  years 
will  be  realised. 

Further  points  of  the  gas  engine. 

One  great  advantage  of  the  gas  engine  over  the 
steam  engine  arises  from  the  fact  that  the  gaseous  fuel 
is  burned  in  the  engine  itself,  whereas  with  steam  the 
coal  is  first  burned  in  the  furnace,  the  heat  being  trans- 
ferred to  the  water  to  form  steam,  which  is  then  led 
through  pipes  to  the  engine,  a  loss  of  heat  being 
incurred  at  each  stage. 

Gas  engines  are  frequently  used  to  drive  dynamos 
for  the  production  of  electricity. 

The  disappearance  of  the  small  steam  engine  leaves 
the  field  for  power  mainly  to  the  gas  engine  and  the 
electric  motor.  The  cheapness  of  the  gas  engine,  how- 
ever, makes  it  an  ideal  method  of  producing  power  for 
the  driving  of  other  machinery  (see  also  note). 

NOTE. — It  should  be  observed,  however  (though  this  cannot  be  explained 
except  in  mathematical  form),  that  the  primary  and  fundamental  advantage 
of  the  gas  engine  over,  for  example,  the  steam  turbine  is  thermodynamic, 
viz.  :  its  working  fluid  moves  through  a  very  much  greater  temperature  range, 
and  it  follows  from  a  well-known  theorem  lhat  the  maximum  possible 
efficiency  for  any  such  engine  is  very  much  higher  than  for  the 
engine  with  the  smaller  temperature  range.  As  a  matter  of  fact 
the  modern  steam  turbine  is  mechanically  very  good  indeed,  leaving 
little  margin  for  improvement,  but  thermodynamically  is  necessarily 
inefficient';  the  gas  engine  is  capable  of  much  more  mechanical  improvement 
than  the  steam  engine,  and  is  thermodynamically  far  more  efficient. 


Heat  Engines. — Adiabatic  and  isothermal  changes. — Principle  of  all  engines  is  a  cycle  of  changes  in  a 
"  Working  Fluid." — Second  law  of  thermodynamics. — Peculiar  position  of  law  of  conservation  of  energy 
in  mathematics  and  physical  science.  No  branch  whatever  of  science  can  be  deduced  from  this  law 
alone.  Analogy  of  laws  of  Motion  and  Second  law  of  thermodynamics. — Reversible  cycles. — Carnot's 
cycle.  Gives  the  maximum  efficiency  possibly  attainable  for  any  heat  engine. — Work  standard  of 
temperature. — Notes  on  practical  application,  e.g.,  possible  efficiency  of  steam  turbines. 
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GAS  FOR  INDUSTRIAL  PURPOSES— continued. 


BLACKBOARD. 


FIG.    XXXI.— THE  GAS   ENGINE  (to  illustrate  Lesson    87). 


Just  as  a  steam  engine  uses  the  expansive 
force  of  steam  confined  under  pressure,  so 
the  gas  engine  uses  the  expansive  force  of  an 
explosive  mixture  of  air  and  gas  when  ignited. 
The  illustration  shows  the  principal  parts  of  a 
gas  engine  :  (a)  is  the  piston  which  moves  to 
and  fro  in  the  cylinder  (b)  the  surfaces  of 
both  (a)  and  (b)  being  accurately  fitted.  When 
the  piston  moves  to  and  fro  it  causes  the 
crank  (c)  to  revolve,  and  this  in  turn  drives 
round  the  axle  (h)  and  the  fly-wheel  (i)  (only 
partly  shown).  There  are  three  valves  (d), 
(#)>  (e)y  m  the  cylinder;  (d)  controls  the  ad- 
mission of  the  air-gas  mixture  to  the  cylinder, 
(g)  controls  the  admission  of  gas,  and  (e) 
when  opened  enables  the  products  of  combus- 
tion to  escape  after  their  explosive  force  has 
been  used  up  in  driving  the  engine.  The  gas 
enters  the  engine  at  (m)  and  the  air  at  (n). 
The  arrows  show  how  the  air  and  gas  flow  in. 
It  will  be  observed  that  the  cylinder  is  sur- 
rounded by  a  jacket  of  water  (/).  This  is  to 
prevent  the  engine  getting  overheated,  be- 


cause it  must  be  remembered  that  during  the 
time  of  explosion  the  cylinder  is  full  of  flame, 
and,  therefore,  without  the  water  jacket  it 
would  get  red  hot.  A  stream  of  water  is  made 
to  pass  through  the  water  jacket  the  whole 
time,  entering  at  (fe)  and  leaving  at  (I). 

The  rod  (m)  is  called  the  connecting  rod, 
because  it  connects  the  piston  and  crank  to- 
gether. The  fly-wheel  (i)  is  to  steady  the 
running  of  the  engine,  otherwise  it  would 
tend  to  run  faster  while  an  explosion  is  taking 
place  than  at  other  times.  As  with  all  kinds 
of  machinery,  the  parts  where  motion  occurs 
must  be  well  lubricated  with  oil. 

The  valves  (g),  (d)  and  (e)  are  fitted  with 
springs  which  keep  the  valves  closed  when 
they  are  not  required  to  be  open.  For  clear- 
ness these  springs  have  not  been  shown  in  the 
diagram.  It  will  be  seen  that  (g)  and  (d) 
are  shown  in  the  open  position  to  admit  gas 
and  air  to  the  cylinder,  the  exhaust  valve  (e) 
being  during  this  period  closed. 
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GAS  FOR  INDUSTRIAL  PURPOSES— confirm*/. 


BLACKBOARD. 


Fig's.  1  to  4  show  four  phases  in  the  opera- 
tion of  a  gas  engine.  The  engine  shown  here 
is  slightly  different  in  design  from  that  illus- 
trated in  the  last  lesson,  but  the  essential 
features  are  exactly  the  same.  The  student 
should  be  taught  to  identify  essential  parts 
in  different  designs  of  machinery  or  apparatus 
of  any  kind. 

Fig.  1  shows  the  engine  just  starting  to 
draw  in  its  explosive  charge.  The  gas  and  air 
valves  (g)  and  (a)  are  open,  and  as  the  piston 
moves  to  the  right,  air  and  gas  flow  into  the 
cylinder  by  suction.  Fig.  2  shows  the  piston 
at  the  end  of  its  movement  to  the  right,  the 
valves  (g)  and  (a.)  then  closing  and  shutting 
off  the  g~as  and  air.  The  piston  then  returns, 
but  the  air  and  gas  now  in  the  cylinder,  being 
unable  to  escape  since  all  the  valves  are 
closed,  are  subjected  to  compression ;  that  is, 
they  are  squeezed  into  a  small  space  and  act 
like  a  cushion.  Fig.  3  shows  the  piston  on 
the  completion  of  its  return  stroke,  the  space 
(c)  containing  the  compressed  explosive  mix- 
ture of  air  and  g"as.  At  this  stage  an  electric 
spark  is  produced  in  the  explosive  mixture ; 
the  mixture  explodes  and  the  force  so  pro- 
duced drives  the  piston  agfain  to  the  right. 
As  the  piston  moves  to  the  right  the  force  of 
the  explosion  gradually  spends  itself  and  is 
practically  spent  when  the  piston  reaches  its 
extreme  right  position  as  shown  in  Fig.  4. 
At  this  stage  the  valve  (e)  opens,  and  as  the 
piston  returns,  it  forces  the  products  of  com- 
bustion from  the  explosion  out  from  the 
cylinder  through  the  valve  (e)  into  the  exhaust 
pipe,  whence  it  escapes  into  the  air.  The  next 
rightward  movement  of  the  piston  draws  in 
a  new  charge  of  air  and  gas  as  shown  in 
Fig.  2,  and  the  whole  of  the  above  described 
operations  are  repeated.  These  series  of 
operations  are  known  as  "  cycles  "  because 
they  repeat  themselves  continuously. 

The  teacher  should  explain  how  the  to  and 
fro  motion  of  the  piston  is  converted  into  a 
continuous  rotary  motion  by  means  of  the 
crank.  It  will  be  observed  that  for  every  four 
movements  of  the  piston — two  to  the  right 
and  two  to  the  left — only  one  explosion  takes 
place,  so  that  for  three  movements  out  of 
four  the  engine  has  to  run  on  its  own  momen- 
tum. This  is  one  reason  why  a  fly-wheel  is 
necessary. 

The  proportion  of  air  and  gas  to  make  the 
explosive  mixture  has  to  be  accurately  reg-u- 
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Fig.  XXXII.  (to  illustrate  Lesson  88). 

lated.  It  is  usually  one  part  of  gas  to  ten 
parts  of  air,  but  sometimes  a  little  more  and 
sometimes  a  little  less  is  used,  according  to 
local  conditions. 

The  valves  which  control  the  gas,  air,  and 
exhaust  are  all  automatically  operated  by  the 
engine"  mechanism,  so  that  they  open  and 
close  at  exactly  the  right  time. 

The  valves  are  known  as  mushroom  valves, 
and  are  made  so  as  to  fit  accurately  and  not 
to  leak  when  closed. 

Sometimes  the  explosive  mixture  is  fired 
by  compressing  it  into  a  red  hot  tube,  but  the 
electric  spark  is  now  more  generally  used. 

(t)  in  Figs.  1  to  4  is  the  igniting  device 
for  exploding  the  mixture. 
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GAS    FOR    INDUSTRIAL    PURPOSES— continued. 


Large  power  engines. 

Now  that  we  have  explained  the  general  action  of 
gas  engines,  it  may  be  mentioned  that  gas  engines  of 
large  power  usually  consist  of  several  engines  so  con- 
nected together  as  to  give  their  collective  power  like  one 
large  engine.  It  is  simpler  to  produce  large  power 
engines  in  this  way ;  that  is,  it  is  simpler  to  have  a 
series  of  small  cylinders  (see  Lessons  88  and  89)  than 
one  large  one. 

Vertical  engines. 

In  Lesson  88  we  spoke  of  gas  engines  as  being 
horizontal.  They  are  sometimes  made  in  such  a  manner 
that  the  cylinder  has  its  axis  vertical.  The  series  of 
actions,  namely,  induction  of  explosive  mixture,  com- 
pression, explosion,  expansion,  exhaustion,  is,  however, 
exactly  the  same  as  was  explained  in  Lesson  89.  The 
special  merit  of  the  vertical  gas  engine  is  that  it  takes 
up  even  less  space  than  the  horizontal  engine.  It  is 
also  less  liable  to  set  up  vibrations  in  buildings  of  a 
springy  character. 

The  uses  of  gas  engines. 

Gas  engines  can  be  used  for  practically  any  kind  of 
work  requiring  power.  As  already  mentioned,  they  are 
used  for  the  production  of  electricity  for  either  public 
or  private  purposes;  they  are  used  for  pumping  water, 
for  either  water  supply  or  drainage ;  they  are  used  for 
compressing  air,  and  for  driving  all  kinds  of  machinery, 
such  as  engineering  workshop  machines,  printing 
machines,  etc.,  etc. 

The  recovery  of  by-products. 

It  must,  however,  be  remembered  that  to  all  the 
mechanical  and  economical  advantages  of  the  gas 
engine  is  to  be  added  the  fact  that  its  use  permits  of 
the  recovery  of  all  valuable  by-products  from  the 
original  coal.  It  is  therefore  clear  that  from  the  national 
point  of  view  the  gas  works  method  of  using  the  coal 
by  first  of  all  depriving  it  of  and  recovering  the  by-pro- 
ducts is  practically  ideal,  inasmuch  as  it  provides  a  clean 
gaseous  fuel  and  a  clean  solid  fuel  coke. 

Our  wasteful  methods. 

The  nation's  life  blood. 

The  fact  that  our  present  methods  of  consuming  our 
coal  in  steam  boilers  for  industrial  purposes  are  so 


wasteful  was  much  discussed  after  the  outbreak  of  the 
war.  The  difficulty  of  transporting  the  coal  had  the 
effect  of  focussing  the  minds  of  engineers  and  scientists 
upon  the  importance  of  economy,  and  it  is  practically 
certain  that  necessity  will  enforce  our  manufacturers 
to  improve  the  present  methods.  Coal  is  a  vital  factor 
to  an  industrial  country,  and  unlike  most  other  things 
it  is  not  recoverable.  For  instance,  iron  is  used  to 
build  a  locomotive  engine,  which  will  ultimately  wear 
out.  The  iron  of  which  the  locomotive  is  made  is,  how- 
ever, still  there,  and  by  the  application  of  industry  can 
be  used  to  build  another  engine.  Coal,  on  the  other 
hand,  when  once  consumed  is  for  practical  purposes 
gone  for  ever,  and  therefore  is  frequently  described  as 
the  "  life  blood  of  the  nation."  It  is  true  we  have  still 
immense  quantities  of  coal  in  our  mines,  but  they  are 
not  inexhaustible,  and  as  the  mines  get  deeper  the 
coal  becomes  more  difficult  to*  get. 

The  need  for  economy. 

The  importance  of  national  fuel  economy  is  obvious 
when  we  remember  that  according  to  the  1913  report 
of  the  International  Geological  Congress  the  world's 
total  possible  and  probable  reserves  of  coal  of  all  kinds 
available  within  6,000ft.  of  the  surface  amount  in  all  to 
7,397,553  million  metric  tons.  Of  this  total  one-fortieth 
only  is  to  be  found  in  Great  Britain,  while  the  whole 
British  Empire  owns  but  23'5  per  cent.,  as  against 
America's  51'8  per  cent.,  and  Germany  holds  more  than 
twice  as  much  as  Britain  (see  note). 

Our  industrial  chances. 

If  we  continue,  therefore,  to  waste  coal  in  our 
accustomed  manner,  our  chances  of  successfully  meet- 
ing foreign  industrial  competition  will  be  greatly 
lessened ;  and  accordingly  the  scientific  use  of  coal  be- 
comes a  matter  of  great  concern  in  view  of  the 
tremendous  industrial  activity  which  is  looked  for. 

NOTK. — It  should  be  noted,  however,  that  it  does  not  follow  without  further 
(;md  often  difficult)  economic  analysis  that  it  is  necessarily  economically  sound 
in  any  particular  circumstances  to  take  any  specified  step  to  improve  the 
thermal  efficiency  of  our  use  of  coal.  The  subject  raises  ninny  valuable  points 
for  more  advanced  lessons  in  economics.  Consider  as  a  simple  example 
whether  we  should  at  once  compel  all  domestic  use  of  raw  coal  to  cease. 
The  balance  of  opposing  arguments  is  very  instructive,  and  should  bring  to 
light  a  few  of  the  innumerable  confusions  hanging  lound  the  words 
"economy"  and  "waste." 
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PART  II.— LESSON  91. 


GAS  FOR  INDUSTRIAL  PURPOSES— contfnu«/. 


Industrial  gas  in  its  widest  sense. 

We  now  come  to  the  industrial  use  of  gas  in  its  very 
widest  sense,  i.e.,  its  application  to  individual  purposes 
in  industry.  There  are  to-day  few  if  any  workshops 
in  which  gas  does  not  find  a  place  in  some  process  or 
other. 


Some  applications. 

The  following  list,  a  long  way  from  being  exhaustive, 
will  serve  to  call  attention  to  the  endless  possibilities  of 
gas  as  an  efficient  servant  of  the  progressive  manufac- 
turer. Gas  is  used  in  thousands  and  thousands  of 
factories  and  workshops  for  the  treatment  of  steel,  for 
melting  metal,  brazing,  cloth  pressing-,  enamelling,  glass 
making,  glue  heating,  japanning,  as  a  fuel  for  laundry 
irons  and  laundry  machinery,  for  furnaces  of  various 
kinds,  in  riveting,  type  melting,  vulcanising,  welding, 
wood  bending,  leather  embossing  and  polishing,  steam 
raising,  smelting,  tempering,  tobacco  drying,  forge 
heating,  assaying,  ladle  heating,  etc-,  etc.  The  number 
of  proved  profitable  and  advantageous  uses  of  gas 
coming  into  this  category  is  far  too  large  to  be  enumer- 
ated. Yet  it  is  felt  in  the  gas  industry  that  the  possi- 
bilities for  the  use  of  gas  for  such  purposes  are  a  very 
long  way  from  being  exhausted. 

A  wide  range  of  temperature. 

The  manufacturer  as  a  general  rule,  and  particularly 
for  such  purpo'ses  as  smelting,  steel  working,  etc., 
requires  a  wide  range  of  temperature  absolutely  under 
control  and  reproducible  at  will.  Solid  fuel  fails  on  all 
accounts,  for  although  a  wide  range  of  temperature 
may  be  available,  the  particular  temperature  required 
is  frequently  not  to  be  attained  at  the  right  moment 
owing  to  lack  of  certainty  as  to  the  combustion  of 
the  fuel. 


High  pressure  gas. 

Of  all  the  pioneers  of  the  gas  industry,  the  late 
Thomas  Fletcher  stands  out  as  the  man  who  first  saw 
the  industrial  possibilities  of  gas,  but  the  event  that  set 
the  seal  on  this  departure  was  the  introduction  of  high 
pressure  gas.  Since  then  this  branch  of  the  gas  in- 
dustry has  made  great  strides.  In  Birmingham,  for 
instance,  the  town  responsible  for  a  large  part  of  the 
progress  made  with  industrial  gas  apparatus,  over 
2,000,000,000  cubic  feet  of  gas  are  used  annually  in 
this  way  alone. 

The  pioneer  of  furnace  gas  work. 

That  gas  at  high  pressure  gave  better  results  for  the 
object  in  view  than  low  pressure  was  first  proved  by 
the  late  W.  A.  Onslow,  of  the  WooJwich  Arsenal,  who 
demonstrated  that  high  pressure  gar  was  quicker,  more 


certain,  and  cheaper  than  solid  fuel  or  other  forms  of 
gas  for  the  most  important  operations  of  the  Arsenal, 
namely,  the  working  of  large  masses  of  metal. 

Controllability. 

In  all  operations  in  which  high  temperatures  are  re- 
quired, the  control  of  the  temperature  is  the  chief 
desideratum.  High  pressure  gas  is  so  easily  con- 
trollable that  practically  any  desired  result  can  be 
ensured.  This  alone  is  sufficient  to  outweigh  any 
question  of  comparative  cost,  but  even  here  the  advan- 
tage, as  experience  has  shown,  is  all  with  high  pressure 
gas  as  compared  with  the  use  of  raw  coal. 

Maintenance  of  temperature. 

All  the  points  brought  forward  in  favour  of  gas  for 
domestic  purposes  apply  with  even  greater  force  in  in- 
dustry. The  temperature  of  a  furnace  can  be  varied 
as  required,  or  it  can  be  maintained  at  an  even  tem- 
perature indefinitely  by  careful  adjustment  of  the  gas 
supply ;  and,  further,  any  required  temperature  can  be 
accurately  reproduced  at  will. 

Other  advantages. 

Above  all,  the  greatest  tidiness  and  cleanliness  pre- 
vail where  gas  is  used  for  these  industrial  purposes. 
When  this  is  added  to  the  greater  regularity  in  quality 
of  the  work  done  (which  is  due  to  the  accurate  temper- 
ature control)  and  the  lesser  floor  space  occupied,  there 
is  no  wonder  that  such  vast  progress  has  been  made 
during  the  past  few  years. 

The  saving  to  be  obtained. 

A  typical  case  of  saving  is  that  of  a  large  firm  of 
spring  makers,  who  installed  seven  gas  furnaces  in 
substitution  for  solid  fuel  furnaces.  The  fuel  bill 
showed  a  saving  of  /^269  per  annum  in  favour  of  gas, 
the  floor  area  occupied  was  reduced  to  one-third,  there 
was  no  smoke  or  soot  in  the  workshop,  absolute  relia- 
bility and  uniformity  of  temperature  which  is  highly 
essential  in  steel  making  was  obtained,  and  less  labour 
was  required. 

Solid  fuel  abandoned. 

After  this  experience  the  firm  abandoned  solid  fuel 
entirely,  and  now  do  the  whole  of  their  work  with  gas 
furnaces  burning  some  eight  million  cubic  feet  per 
annum. 

The  furnace  burner. 

Apparatus  of  the  kind  described  consists  mainly  of 
two  parts,  namely,  the  burner  which  produces  the  com- 
bustible mixture  of  air  and  gas,  and  the  furnace  in 
which  the  mixture  is  burned. 
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PART  II.— LESSON  92. 


GAS  FOR  INDUSTRIAL  PURPOSES— continued. 


The  burner. 

The  function  of  the  furnace  burner  is  to  produce  a 
mixture  of  air  and  gas  suitable  for  combustion  in  the 
enclosed  space  of  the  furnace.  The  action  of  the 
bunsen  burner  was  described  in  Lesson  47.  When  the 
gas  is  supplied  to  the  burner  at  high  pressure  it  draws 
in  with  it  sufficient  air  for  its  complete  combustion. 
If,  however,  gas  were  supplied  at  the  ordinary  low 
pressure  only  about  one-half  of  the  air  necessary  for 
combustion  would  be  drawn  in,  so  that  it  is  therefore 
necessary  to  add  more  air  by  means  of  an  air-blowing 
machine  or  blast. 


Furnace-heating. 

We  have  therefore  the  two  main  systems  of  heating 
furnaces : — 

1.  High    pressure   gas. 

2.  Low  pressure  gas  with  air  blast. 

The  object  in  each  case  is  the  same,  namely,  to 
produce  a  proper  mixture  of  air  and  gas.  For  certain 
purposes  one  system  is  better  than  the  other. 

Furnace  burners  have  to  consume  large  quantities  of 
gas,  and  therefore  must  be  well  and  carefully  made. 

Frequently  the  flame  produced  by  furnace  burners 
is  noisy,  because  the  air-gas  mixture  enters  the  flame 
in  a  state  of  turbulence.  This  turbulence  or  agitation 
of  the  mixture  is  believed  to  increase  the  temperature 
of  the  flame. 


Furnace-building. 

A  great  art  in  the  building  of  a  furnace  is  so  to 
arrange  it  that  the  flame  does  not  come  into  contact 
with  the  metal  being  treated.  The  heat  of  the  flame 
should  be  transferred  first  to  the  brickwork,  from  which 
it  is  transferred  by  conduction  and  radiation  to  the 
metal  or  other  material  under  treatment. 


In  some  cases,  however,  a  direct  blow-pipe  action 
is  desired,  in  which  case  flame  contact  with  the  metal 
is  necessary  and  desirable,  but  for  delicate  enamelling 
of  such  things  as  jewellery,  portraits  and  badges, 
flame  contact  must  be  avoided. 


Temperatures  in  metal-melting. 

The  following  table  gives  the  degree  of  temperature 
required  for  melting  metals  of  various  kinds,  one  of 
the  most  important  industrial  applications  of  gas.  The 
magnitude  of  these  temperatures  can  be  judged  by 
keeping  in  mind  that  the  boiling  point  of  water  is 
212  degrees  F.,  or  100  degrees  C. 

Fahr.  "Cent. 

Antimony  806   ...   430 

Bismuth   513   ...   267 

Brass          1860   ...  1015 

Bronze         ...    ...  1652   ...   900 

Copper  ...  2012   ...  1100 

Gold      2012   ...  1100 

Cast  Iron  ...         ...  2350   ...  1276 

Wrought  Iron    3600   ...  1982 

Lead       ...       ...   617   ...   325 

Manganese  ...     2633       ...      1245 

Nickel  2912       ...     1600 

Platinum  ...     3272       ...     1800 

Silver  ...  ...     1763       ...       962 

Steel  3200       ...     1760 

Tin  442       ...       228 

Zinc  779       ...       415 

The  difference  between  the  Fahrenheit  and  Centi- 
grade scales  should  be  explained.  Each  degree  Centi- 
grade is  equal  to  1*8  degree  Fahrenheit,  and  the  zero 
of  the  Centigrade  scale  is  equal  to  32  degrees  on  the 
Fahrenheit  scale ;  therefore  the  boiling  point  which  is 
212  degrees  on  the  Fahrenheit  scale  is  100  degrees  on 
the  Centigrade  scale. 
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PART    II.— LESSON  93. 


GAS  FOR  INDUSTRIAL  PURPOSES— contfnao/. 


The  heat  treatment  of  metals. 

It  will  be  advisable  now  to  describe  some  of  the 
principal  kinds  of  heat  treatments  to  which  metals  have 
to  be  submitted. 

Annealing. 

I.  Annealing. — When  metals  are  subjected  to  force 
such  as  bending,   hammering,   rolling,   etc.,   they   tend 
to  become  brittle.    To  remove  this  brittleness  the  metal 
is  re-heated  to  a   moderate  temperature  according   to 
its  character — a  dull  red  heat  is  usually  sufficient — and 
then  allowed  to  cool  slowly.     The  metal  then  recovers 
its  original  ductile  properties.     This  process  is  called 
annealing. 

Hardening. 

II.  Hardening. — This  is  in  some  respects  the  reverse 
of  the  above.     The  metal  is  heated  to  a  definite  temper- 
ature  and   then   cooled   quickly.      Some    steels   can   be 
made  extremely  hard   in  this  way.      Different  degrees 
of  hardness  can  be  produced  by  using  different  temper- 
atures.    In  making  cutting  tools  for  engineering  work, 
such  as  chisels,  drills,  etc.,  particular  degrees  of  hard- 
ness are  best  suited  for  different  kinds  of  tools,  and  the 
tool  itself  is  usually  harder  at  its  actual  cutting  edge 
than  at  its  other  parts. 

Tempering. 

III.  Tempering  is  akin  to  hardening. — Steels  may 
be  on  the  one  hand  hard  and  brittle  and  on  the  other 
hand  springy.     In  practice  it  is  frequently  desirable  to 
make    steel   of   an    intermediate    quality,    that    is    hard 
enough  to  cut  other  metals,  but  sufficiently  springy  not 
to  be  too  brittle.     The  art  of  getting  tools  with  just 
the   right  degree  of  both  hardness  and  springiness  is 
called     "  tempering  "      and     depends     entirely     upon 
accurate  control  of  temperatures  and  rates  of  cooling. 

Illustrations  and  experiments. 

The  teacher  may  illustrate  the  changes  in  the  pro- 
perties of  metals  by  means  of  a  piece  of  steel  clock 
spring  about  six  inches  long.  When  its  springy  pro- 
perties have  been  shown  to  the  class,  the  steel  should 
be  heated  to  dull  redness  and  allowed  to  cool  slowly  in 
the  air,  when  it  will  be  found  to  have  lost  its  springiness 
and  can  be  bent  about  into  any  shape  without  any 
tendency  to  spring  back  or  crack.  It  is  said  to  be 


"  soft."  If  heated  again  to  a  dull  red  heat  and  plunged 
quickly  into  a  glass  of  cold  water,  it  will  be  found  to 
be  stiff,  and  if  an  attempt  is  made  to  bend  it,  it  will 
break  like  glass;  if  its  edge  is  rubbed  along  a  piece  of 
glass,  the  glass  will  be  scratched,  which  shows  that 
the  steel  is  the  harder.  It  is  then  said  to  be  hardened. 

The  steel  should  now  be  polished  with  a  piece  of 
emery  cloth,  and  when  polished  should  be  placed  upon 
a  piece  of  black  hot  iron ;  a  poker  will  do.  The  bright 
steel  will  be  observed  to  change  colour,  becoming  first 
a  straw-like  colour  and  then  a  blue.  When  the  blue 
colour  appears  the  steel  should  be  at  once  removed 
from  the  hot  poker  and  cooled  quickly,  when  by  im- 
mersion in  water  or  oil  it  will  be  found  to  have 
recovered  its  springy  properties.  This  is  called 
"  tempering."  All  these  changes  are  due  to  simple 
heat  treatment,  but  to  ensure  good  work  the  tempera- 
tures must  be  accurately  controlled.  Steel  in  the 
softened  state  can  be  shaped  in  any  desired  manner 
and  afterwards  hardened  or  tempered  as  required,  but 
in  neither  the  hardened  nor  the  tempered  state  can  its 
shape  be  altered  without  injuring  the  steel;  hence  the 
practical  necessity  for  producing  the  different  states 
in  the  manufacture  of  steel  appliances. 

Case  hardening. 

This  is  an  important  branch  of  work.  Certain  parts 
of  machines  have  to  bear  much  friction,  as,  for  instance, 
the  hub  of  a  cycle  wheel,  which  unless  made  with  a 
very  hard  surface  would  soon  wear  out.  On  the  other 
hand,  if  the  hub  were  made  entirely  of  hardened  steel 
it  would  be  brittle  and  liable  to  crack.  The  solution  of 
this  difficulty  is  found  in  "  case-hardening."  The  hub 
is  made  so  that  only  its  surface  or  case  is  hardened,  the 
inside  being  of  ordinary  tough  steel,  and  as  it  is  the 
surface  that  has  to  bear  all  the  wear  of  friction,  case 
hardening  is  all  that  is  necessary.  It  is  done  by  placing 
the  article  to  be  treated  in  a  bath  of  molten  cyanide. 
The  cyanide  being  rich  in  carbon  enters  into  chemical 
union  with  the  surface  of  the  metal  forming  a  skin  or 
case  of  steel,  the  thickness  of  which  will  depend  upon 
time  and  temperature.  It  is  necessary  accurately  to 
maintain  a  steady  temperature  for  several  hours. 

Gas  heating. 

Gas  is  eminently  suitable  for  all  these  branches  of 
work;  in  fact  it  has  no  equal  in  accuracy,  promptness 
and  the  economical  attainment  and  maintenance  of 
temperatures  of  any  degree. 


Nature  of  metals. — Phase  Rule  diagram  for  simple  alloys. — Allotropic  forms,  e.g., 
sulphur.— Characteristic  temperatures    of   a  metallic  substance. — Nature    of   heat 

treatment  of  metals. 
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PART  II.— LESSON  94 

GAS    FOR    INDUSTRIAL    PURPOSES— continued. 


The  heat  treatment  of  metals  (contd}. 
Some  particular  processes. 

We  will  now  describe  some  of  the  particular  pro- 
cesses where  gas  is  used  for  the  heat  treatment  of 
metals  on  a  large  scale.  There  are  the  running  parts 
of  motor  cars,  sewing  machines,  bicycles,  certain  parts 
of  gun  mechanism,  aeroplane  engines,  etc.,  which  have 
to  be  specially  hardened  to  stand  the  heavy  wear  and 
tear.  They  are  subjected  to  the  process  which  we  have 
already  described  as  case  hardening. 

In  the  making  of  cartridge  cases  for  rifle  and  machine 
gun  ammunition,  or  for  the  field  guns  up  to  about  Sin. 
bore,  the  brass  tube  is  drawn  out  from  a  flat  plate. 


Ver.ical  Tube  Expanding  "Furnace,  takes  tubes 
14  feet  long  by  16  inches  diameter. 

The  metal  is  therefore  greatly  strained  and  has  to  be 
afterwards  annealed  in  a  furnace  of  suitable  size.  Also 
in  bending  plates  for  boilers,  the  hulls  of  ships  such 
as  the  ordinary  steamers,  torpedo  boats  and  submarines, 


the  metal  of  which  is  relatively  thin  compared  with  the 
armour  of  the  heavier  warships,  the  metal  gets  strained 
and  must  therefore  be  annealed. 

In  describing  the  process  called  tempering  in  Lesson 
93  it  was  mentioned  that  the  colour  of  the  heated 
metal  was  observed  as  a  guide  to  its  temperature,  and 
that  if  when  the  polished  steel  assumes  a  blue  colour 
it  is  removed  from  the  source  of  heat,  it  becomes 
springy.  The  observation  of-  the  colour  in  this  way 
is  really  an  indirect  observation  of  the  temperature  of 
the  metal,  but  a  very  inaccurate  one.  Therefore  in 
modern  processes  more  exact  methods  are  adopted. 
For  instance,  the  steel  to  be  tempered  is  sometimes 
immersed  in  a  bath  of  -oil  or  tallow,  both  of  which 
have  definite  boiling  or  melting  points.  When  higher 
temperatures  are  required  substances  are  used  having 
higher  melting  points  than  tallow,  such  as  molten  lead. 
The  main  thing  is  to  have  definite  and  accurate  stand- 
ards to  work  with. 

The  method  of  tempering  by  observation  of  colour 
when  entrusted  to  a  few  particularly  skilful  and  gifted 
workmen  gives  good  results,  but  such  workmen  are 
rare,  so  that  baths  of  definite  and  known  temperatures 
have  come  into  extensive  use. 

In  recent  years  special  steels  known  as  high  speed 
steels  have  come  into  use  for  the  cutting  of  metals. 
They  cut  very  much  faster  and  preserve  their  cutting 
edges  very  much  longer  than  ordinary  steel.  They 
need  the  mO'St  accurate  heat  treatment  to  develop  their 
full  powers  and  have  therefore  been  very  closely  studied. 
These  high  speed  steels  were  first  shown  at  the  Paris 
Exhibition  in  1900,  and  their  performance  in  cutting 
metals  was  at  the  time  astonishing. 

Whereas  ordinary  steel  is  practically  iron  with  a 
definite  but  small  percentage  of  carbon,  these  new  steels 
contain  in  addition  small  proportions  of  certain  other 
metals,  such  as  manganese,  chromium,  tungsten, 
molybdenum,  and  also  silicon,  which  is  in  many 
respects  similar  to  carbon.  These  steels  are  much  used 
in  the  manufacture  of  munitions  of  war. 

The  annealing  and  general  treatment  of  large  objects 
such  as  long  tubes  and  large  bent  plates  is  particularly 
difficult  owing  to  the  necessity  for  every  part  of  the 
piece  being  equally  heated.  It  may  be  said  that  with- 
out gas  the  proper  treatment  of  these  large  objects 
would  be  impossible.  If  one  part  were  over  or  under- 
heated  the  whole  would  probably  be  spoilt.  The  tubes 
of  large  guns  have  to  be  treated  in  this  way.  A  furnace 
of  this  character  is  shown  in  the  illustration. 
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PART  II.— LESSON   95. 


GAS  FOR  INDUSTRIAL  PURPOSES.— continued. 


Rivet  heating. 

The  hull  of  a  modern  ship  consists  of  steel  plates 
fastened  together  by  rivets,  and  when  one  remembers 
the  many  plates  that  have  to  be  rivetted  together  it  will 
be  realized  that  thousands  of  rivets  must  be  used.  Gas 
furnaces  for  this  purpose  are  built  to  heat  as  many  as 
four  cwts.  of  rivets  every  hour,  every  one  being  heated 
to  the  same  temperature.  This  uniformity  of  heating 
is  a  factor  that  is  constantly  met  in  the  working  of 
heated  metals.  Under  the  old  processes  of  heating 
by  an  ordinary  fire  great  irregularity  occurred,  with  the 
result  that  much  wastage  and  bad  workmanship  was 
caused. 

Shell  making. 

In  the  case  of  some  articles,  in  order  to  get  uniform 
heating  as  quickly  as  possible,  the  article  is  rotated 
inside  the  gas  furnace.  Take,  for  instance,  what  is 
called  the  "  nosing  "  of  the  bodies  of  high  explosive 
shells.  Here  the  open  ends  have  to  be  softened  by 
heating,  and  to  ensure  uniformity  the  shell  bodv  is 
rotated  vertically  while  an  intense  gas  flame  impinges 
upon  the  open  end.  In  this  way  the  shell  is  heated 
all  round  and  can  then  be  rounded  or  "  nosed  "  off 
so  as  to  produce  the  bottle-shaped  shell  body  now  only 
too  well  known.  Machinery  is  used  for  the  rotation  of 
the  shells  at  a  uniform  rate,  several  of  such  shells  being 
dealt  with  in  one  furnace.  Such  a  furnace  is  shown 
in  the  illustration.  The  nose  of  the  shell  is  put  into 
the  furnace,  the  body  resting  on  the  rollers,  which  are 
then  rotated. 

Masses  of  metal  have  frequently  to  be  heated  to 
softness  and  then  pressed  or  stamped  into  some  definite 
shape  by  means  of  powerful  hydraulic  machinery.  For 
this  work  uniform  temperature  is  necessary,  and  the 
method  of  rotation  is  applied  for  this  purpose. 

Firebrick. 

As  the  temperatures  which  have  to  be  provided  by 
gas  furnaces  are  often  of  a  high  order  the  furnace  itself 
has  to  be  built  of  special  material  to  withstand  the 
heat.  The  material  used  is  known  as  firebrick,  and 
consists  of  bricks  of  various  shapes  made  of  what  is 
known  as  Stourbridge  clay.  The  bricks  are  cemented 


together  and  secured  by  iron  fastenings,  because, 
although  the  bricks  are  very  strong  in  resisting  tem- 
perature effects,  they  are  weak  mechanically  and  there- 
fore  need  iron  fastenings  to  support  them,  the  iron,  of 
course,  not  having  to  stand  the  heat.  The  brickwork 
is  usually  massive  so  as  to  prevent  the  escape  of  heat 
from  the  furnace. 


A  "Glory-Hole"  Nosing  Gas -Furnace  for  15-inch  Naval  Guns, 

The  pyrometer. 

It  has  been  pointed  out  in  these  lessons  how  important 
is  accurate  control  of  temperature.  To  ensure  this 
accuracy  instruments  known  as  pyrometers  are  used. 
They  are  really  thermometers  specially  arranged  for 
the  measurement  of  the  highest  temperatures.  By  this 
means  a  gas  furnace  can  be  worked  up  to  any  desired 
temperature  and  maintained  at  that  for  any  length  of 
time. 

It  must  be  remembered  that  all  these  results,  namely, 
accuracy,  promptness,  reliability,  economy  and  prac- 
tically unlimited  ranges  of  temperature,  are  obtained 
by  means  of  gas  without  the  dust,  smoke  and  wasteful- 
ness of  the  older  coal  firing  methods,  and  further,  that 
tbe  use  of  gas  ensures  the  economical  use  of  the 
national  supply  of  fuel,  with  the  recovery  of  all  the  by- 
products contained  in  crude  coal. 


Refractories. — Silica,  etc.;   silicon  carbide. — Conductivity. —  Volume  changes. 
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PART  II.— LESSON   96. 


GAS  FOR  INDUSTRIAL  PURPOSES— continued. 


BLACKBOARD. 


*-'  \ 


Fig.    XXXIII. 

MUFFLE  AND  iCRUCIBLE  FURNACES. 

Gas  can  be  applied  for  industrial  work  in 
one  of  three  ways,  namely,  as  (1)  low  pressure 
gas  with  chimney  draught,  (2)  high  pressure 
gas  with  no  chimney  draught,  and  (3)  low 
pressure  gas  with  high  pressure  air  and  no 
chimney  draught. 

Fig.  XXXIII.  shows  what  is  called  a 
draught-muffle  furnace.  It  is  sketched  with 
part  removed  so  as  to  show  the  interior. 
The  construction  is  of  rather  massive  brick- 
work of  a  special  heat-resisting  character, 
which  is  held  together  by  steel  bracing  and 
mounted  on  an  iron  stand,  (a)  is  the  gas 
supply  pipe  which  supplies  gas  to  a  series 
of  bunsen  burners,  only  one  of  which  is  shown 
(b);  in  the  centre  of  the  furnace  is  the  muffle 
(c)  which  consists  of  a  f~*\  shaped  chamber 
closed  at  one  end.  The  object  of  the  furnace 
is  to  keep  this  muffle  at  a  high  temperature, 


isr. -XXXIV 


so  that  articles  placed  therein  can  be  heated 
without  coming  in  contact  with  the  flame.  The 
flames  first  impinge  upon  the  bottom  of  the 
muffle  and  then  travel  round  in  the  direction 
of  the  dotted  line  (see  figure),  the  spent  pro- 
ducts of  combustion  escaping  through  the 
opening  (d)  and  then  passing  into  the  flue  pipe 
(e)  which  creates  a  draught.  A.  door  is  pro- 
vided for  closing  the  open  end  of  the  muffle. 
Fig.  XXXIV.  shows  a  small  crucible  fur- 
.nace  (a)  made  of  special  heat  resisting 
material ;  the  lip  (b)  facilitates  the  accurate 
pouring  of  the  molten  metal.  The  outer  case 
simply  consists  of  thick  walls  of  heat  resist- 
ing material.  The  lid  (c)  has  a  peep-hole  (d) 
through  which  the  contents  of  the  crucible 
can  be  observed.  When  the  metal  in  the 
crucible  is  melted  the  lid  (c)  can  be  removed 
and  the  crucible  taken  out  by  means  of  a  pair 
of  tongs.  In  the  larger  sizes  the  crucible  is 
far  too  large  and  heavy  to  be  lifted  out,  so 
when  the  metal  is  ready  for  pouring,  the  fur- 
nace and  crucible  are  tilted  together  by  means 
of  gearing  :  thev  are  called  tilting  furnaces. 
Various  metals  are  melted  in  this  way  for 
casting  purposes.  The  furnace  illustrated 
works  on  the  air-blast  principle,  the  low  pres- 
sure gas  entering  at  (d)  and  the  hiefh-pressure 
air  at  (e«),  the  two  mixing  and  forming  an 
intense  flame  which  rotates  like  a  spiral  round 
the  crucible,  finally  escaping  through  the  hole 
(d),  thus  heating  the  crucible  from  bottom  to 
top. 
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GAS  FOR  INDUSTRIAL  PURPOSES— continued. 


BLACKBOARD. 


Firing  enamels  on  Jewellery,  &c.,  in  Muffle  Furnace. 


-  r'iiSS-i  Fig.  XXXV.  shows  a  muffle  furnace  heated 
on  the  air-blast  system,  (a)  is  the  muffle  which 
is  shown  more  fully  in  (b).  It  is  supported  in  the 
furnace  on  a  number  of  pegs  c — c,  around  which 
the  flame  plays,  the  bottom  of  the  furnace  (d) 
being  inclined  so  as  to  compel  the  flame  to  distri- 
bute itself  uniformly  over  the  whole  length  of  the 
muffle.  The  flame  encircles  the  muffle,  the  pro- 
ducts of  combustion  finally  escaping  through  the 
exit  («). 

The  gas  in  this  case  is  used  on  the  air-blast 
principle,  the  low  pressure  gas  entering  at  (/)  and 
the  high  pressure  air  at  (g).  A  muffle  heated  in 
this  way  can  be  raised  to  a  higher  temperature 


than  the  draught  muffle  furnace  illustrated  in  the 
last  lesson.  For  work  needing  only  a  moderate 
temperature,  the  draught  muffle  furnace  is  often 
preferred  to  the  blast  muffle  furnace,  because  no 
air  blowing  machine  is  needed,  (h)  is  the  plug 
door  which  provides  access  to  the  interior  of  the 
muffle.  In  larger  furnaces  this  door  is  either 
hinged  or  supported  by  counter-balance  weights, 
as  owing  to  its  heat  and  weight  it  could  not  easily 
be  handled. 

The  photograph  shows  the  general  appear- 
ance of  a  muffle  used  for  artistic  enamelling. 
Note  the  steel  bracing  which  supports  the  brick- 
work of  the  furnace. 


PART  II.— LESSON   98. 


GAS  FOR  INDUSTRIAL  PURPOSES-contfnuo/. 


Glass-blowing.     The  glory-hole  furnace. 

Glass-blowing  has  to  be  done  in  stages.  The  plastic 
glass  is,  of  course,  all  the  while  cooling,  and  therefore 
must  be  occasionally  re-heated.  What  is  known  as  the 
"  gl°ry  hole  "  furnace  is  used  for  this  work.  It  con- 
sists of  a  furnace-chamber  kept  at  a  high  temperature 


liable  to  crack  at  any  moment.  For  this  large  gas- 
heated  annealing  chambers  are  used,  sometimes  40  to 
70  feet  long.  The  gas  is  so  distributed  as  to  produce 
a  gradual  fall  of  temperature  along  the  chamber,  and 
the  glass  articles  placed  in  trays  are  then  caused  to 
move  slowly  from  the  hot  to  the  cold  end,  where  they 
arrive  perfectly  annealed.  Large  articles  ought  to  be 


"Glory-Hole"  furnace  for  heating  and  re-heating  glassware  during  formation  and  finishing. 


by  means  of  gas,  and  having  in  one  of  its  walls  an 
opening  through  which  the  dazzling  hot  furnace  can 
be  seen  (see  Fig.  XXXVI.,  next  lesson). 

It  is  said  that  the  term  "  glory  hole  "  is  a  corrup- 
tion of  "glowing  hole."  The  tubes  with  the  glass 
article  at  the  end  can  be  put  through  this  hole  into  the 
furnace  and  so  re-heated  to  keep  the  glass  in  a  plastic 
state. 

When  the  article  has  been  finished  it  must  be  allowed 
to  cool  as  slowly  as  possible,  otherwise  it  would  be 


cooled  more  slowly  than  smaller  ones,  and  this  can 
readily  be  done  when  the  temperature  of  the  annealing 
chamber  is  under  exact  control,  as  is  the  case  when  gas 
is  used,  a  simple  turn  of  the  gas-valve  being  all  that  is 
necessary. 

Coloured  glass. 

Coloured  glass,  which  is  made  bv  adding  certain 
minerals  to  the  ordinary  clear  glass,  can  also  be  dealt 
with  bv  gas,  the  exact  control  and  cleanliness  so  pro- 
vided being  always  the  thing  desired. 
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GAS  FOR  INDUSTRIAL  PURPOSES— continued. 


BLACKBOARD. 


Fig.  XXXVI. 

A  "GLORY  HOLE."    (See  last  lesson), 


Glaze  enamelling  is  also  a  branch  of 
the  glass  industry.  Glass  of  the  colour 
desired  for  the  enamel  is  made,  and  the 
molten  glass  is  run  into  a  tank  of  water 
where  it  solidifies  and  splinters  into 
small  pieces,  which  are  then  ground  by 
machinery  into  a  fine  powder.  The 
article  to  be  enamelled— usually  a  cast- 
iron  one — is  then  heated  in  a  gas  fur- 
nace, and,  when  hot,  is  withdrawn  and 
some  of  the  powdered  glass  sprinkled 
over  it.  It  is  then  placed  back  in  the 
furnace,  and  after  a  little  while  the 
glass  powder  melts  and  spreads  itself 
as  a  thin  layer  of  coloured  glass  over 
the  iron.  Many  gas  fires  are  treated 
in  this  way  and  look  like  coloured 
china  when  finished. 

For  stove  enamelling  a  paint-like 
mixture  is  heated  to  a  temperature 
much  lower  than  that  for  glazed  enamel- 
ling. Cycle  frames,  bedsteads,  etc., 
are  enamelled  in  this  way.  The  pro- 
cess gives  the  metal  a  coating  which 
is  at  once  decorative  and  protective. 
One  effect  of  doing  this  by  heat  is  that 
the  marks  which  are  so  evident  when 
enamelling  is  put  on  with  a  brush  are 
absent,  a  perfectly  smooth  surface 
being  produced.  For  this  purpose  the 
gas  is  frequently  consumed  in  flat 
flame  burners,  since  only  a  low  tem- 
perature is  required. 

The  enamelling  of  china,  pottery  and 
metal  work  is  a  branch  of  glaze  enamel- 
ling which  is  now  much  practised  by 
means  of  gas  heated  furnaces.  It  is  a 
very  old  industry  and  has  been  prac- 
tised on  the  Continent  and  in  Asia  for 
years.  Many  old  specimens  can  be 
seen  in  the  British  Museum.  What  is 
called  a  muffle  furnace  is  used  for  this 
work,  so  that  there  is  no  risk  of  the 
flame  coming  into  contact  with  the 
article  being  worked. 


PART  II.— LESSON  100. 


GAS   FOR   INDUSTRIAL   PURPOSES— continued. 


Metal-joining. 

The  joining-  together  of  two  pieces  of  metal  is  fre- 
quently required  in  engineering  work.  There  are  three 
main  methods  of  doing  this,  namely  :  (1)  by  welding, 
(2)  by  soldering,  and  (3)  by  brazing. 


Soldering. 

Soldering  consists  in  joining  two  metals  by  a  third 
metal  called  solder.  It  is  a  mixture  of  lead  and  tin 
and  sometimes  other  metals  in  various  proportions. 
The  two  pieces  to  be  joined  are  brought  together  pro- 
perly cleaned,  and  by  the  application  of  heat  the  solder 
is  caused  to  flow  between  the  two  pieces  and  so  secure 
them.  The  solder  is  caused  to  flow  by  the  application 
of  either  a  piece  of  copper  previously  heated  by  gas 
or  the  actual  gas  flame.  Where  the  copper  bit  is 
used  for  soldering  it  may  be  heated  in  a  small  gas 
furnace,  or,  by  having  a  gas  burner  arranged  inside, 
can  be  kept  heated  for  continuous  work.  Cleanliness 
is  most  important  in  work  of  this  kind,  otherwise  the 
joint  would  be  insecure  and  likely  to  break,  thus  caus- 
ing trouble  and  probably  risk ;  hence  the  advantage  of 
gas. 


The  gas  soldering-iron. 

The  use  of  the  old-fashioned  soldering  iron  has  dis- 
appeared in  large  factories  in  favour  of  the  gas  solder- 
ing iron  using  ordinary  gas  supply.  Here  again, 
improved  quality  of  the  work  goes  hand  in  hand  with 
economy  of  time,  for  the  workman  is  able  to  keep  the 
same  heat  continually  at  work  and  does  not  have  to 
wait  for  the  soldering  iron  to  heat  up.  It  is  impossible 
to  detail  the  variety  of  work  which  can  be  done  in 
this  way,  and  it  will  suffice  to  say  that  everything 
commonly  associated  with  the  soldering  iron  is  actually 
being  done  infinitely  better  with  the  gas  soldering  iron, 
especially  where  work  has  to  be  carried  out  on  a  large 
scale. 


flame.  The  gas  blow-pipe  has  the  advantage  of  port- 
ability, so  that  it  can  be  taken  to  the  work  to  be  done 
instead  of  vice-versa. 


Cycle  and  motor  parts. 

Cycle  frames  consist  of  steel  tubes  joined  together 
in  this  way ;  they  are  said  to  be  brazed.  The  motor 
also  needs  the  application  of  gas  in  this  way,  and 
frequently  bent  parts  of  a  motor  car  frame  have  been 
straightened  by  previous  heating  with  a  suitable  gas 
flame. 


The  gas  forge. 

There  are  many  classes  of  work,  however,  where 
brazing  is  more  conveniently  carried  out  in  a  forge, 
and  the  hard  Fuel  variety  which  involved  the  use  of  a 
hand  bellows  to  provide  the  blast  is  now  a  thing-  of  the 
past.  Gas-heated  forging  furnaces  are  now  the  fashion. 
They  are  made  for  every  purpose  and  are  built  to  any 
size  with  burners  adapted  for  the  particular  work  re- 
quired. 


Gun  barrels. 

An  example  is  the  brazing  of  gun  barrels  to  the 
breech  of  heavy  sporting  rifles.  Formerly  coke  hearths 
were  used,  and  a  slow  and  tedious  process  it  was.  Now 
by  the  aid  of  gas  the  work  is  completed  in  20  minutes. 


Marine  works. 

A  recent  adaptation  of  gas  to  brazing  on  a  larger 
scale  is  in  leading  marine  engine  and  copper  tube 
works  which  have  hitherto  used  hard  fuel  brazing  fur- 
naces. Heavy  flanges  or  collars  are  brazed  on  to 
copper  tubes  with  the  greatest  ease,  and  the  advantage 
of  gas  will  be  recognised  when  it  is  remembered  that 
the  art  of  brazing  consists  in  applying  the  heat  gradually 
and  arresting  it  as  soon  as  the  brazing  metal  has  run 
into  the  joint.  Gas  is  practically  the  only  medium  that 
makes  this  kind  of  work  possible. 


Brazing. 

Brazing  is  similar  to  soldering,  and  is  in  fact  often 
called  hard  soldering.  The  material  used  for  this  process 
contains  brass  and  therefore  needs  a  much  higher  tem- 
perature to  melt  it,  but  joints  made  in  this  way  are 
very  much  stronger  than  those  made  by  soft  solder. 
A  gas  blow  pipe  fed  with  a  blast  from  a  bellows  is 
frequently  used.  Here  again  cleanliness  is  a  vital  factor 
and  gas  shows  to  great  advantage.  The  old  processes 
of  brazing  by  means  of  a  blacksmith's  forge  were  very 
unsatisfactory.  The  joints  so  made  were  not  so  uni- 
formly safe  as  when  done  by  a  clean  gas  blow-pipe 

v 


Repairing  gear  wheels. 

An  example  of  the  pitch  to  which  the  gas  blow-pipe 
has  enabled  brazing  to  be  brought  is  seen  in  the  fact 
that  heavy  castings  such  as  cog  wheels  and  parts  of 
engines  have  been  successfully  repaired  by  it.  One 
notable  example  is  a  cog  wheel  broken  in  four  places 
which  was  repaired  in  this  way  and  ran  perfectly  true 
upon  the  shaft  bearing-  afterwards. 

In  any  form  of  metal  work  where  two  or  more  pieces 
have  to  be  joined  and  where  heavy  strains  have  to  be 
provided  for,  gas  brazing  is  now  in  use. 
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GAS    FOR    INDUSTRIAL    PURPOSES— continued. 


Gas  in  various  industries. 

Considerable  attention  has  been  given  in  the 
preceding  lessons  to  the  industrial  uses  of  gas 
in  the  engineering  and  metal  trades,  and  we 
will  now  devote  ourselves  to  its  application 
in  a  number  of  other  widely  varying  industries, 
the  results  in  their  own  sphere  being  as  im- 
portant as  those  in  engineering. 

The  textile  trade. 

Gas  is  used  in  all  the  processes  involved  in 
the  textile  trade.  The  "singeing"  of  cloth  is 
undertaken  with  several  objects  in  view.  It 
is  a  step  in  the  bleaching  process,  especially 
when  the  cloth  is  to  be  printed  or  dyed,  whilst 
it  is  a  necessary  process  in  finishing  known 
as  mecerisation.  The  object  is  to  singe  oft 
all  the  nap  and  loose  threads  from  the  cloth. 

Special  machines  are  provided  for  this,  and 
gas,  which  has  been  found  the  most  suitable 
fuel,  is  now  universally  used.  The  cloth  is 
passed  through  a  machine  at  a  speed  varying 
from  80  to  200  yards  per  minute  and  comes 
on  both  sides  under  the  action  of  gas  burners, 
which  singe  off  the  loose  threads  from  the 
cloth.  The  early  method  of  doing  this  was  to  pass 
the  cloth  over  a  plate  heated  by  coal  or  coke. 

When  the  cloth  has  been  singed  by  the  gas  flame  it 
passes  over  guide  rollers  through  a  damping  trough  and 
is  left  in  this  damp  condition  until  it  goes  through  the 
subsequent  operations  of  bleaching  and  scouring. 

Another  application  in  the  textile  industry  is  in 
connection  with  the  "  tentering  "  or  stretching  of  cloth. 
This  operation  is  necessary  in  order  that  the  fibres  of 
the  cloth  may  not  shrink  during  dyeing.  The  process 
consists  of  moistening  the  cloth  by  passing  it  over 
a  steaming  chamber  or  damping  box.  It  is  then 
carried  through  the  "  tentering  "  or  stretching  machine 
at  an  average  speed  of  40  yards  per  minute.  This 
machine  is  a  long,  flat,  table-like  structure,  the  top 
consisting  of  a  copper  plate,  which  is  heated  by  a 
number  of  gas  burners  arranged  underneath.  The  cloth 
is  drawn  over  the  heated  copper  plate  and  the  moisture 
in  it  is  driven  off  in  the  form  of  steam. 

Gas  "  conditioning  "  ovens  are  important  appliances 
in  Bradford  wool  factories.  These  ovens  are  provided 
in  order  to  ascertain  the  amount  of  moisture  in  bales  of 
wool  as  sold.  To  do  this  a  weighed  quantity  of  wool  is 
placed  in  a  gas  heated  oven  and  hot  air  is  blown 
through.  This  carries  away  the  moisture  by  evapora- 
tion and  the  wool  is  afterwards  again  weighed,  the 
difference  in  weight  before  and  after  drying  being 
accepted  as  the  amount  of  moisture.  "  Conditioning  " 
also  includes  determining  the  amount  of  oil  in  the  wool 
and  other  details  in  its  general  composition. 


Specially  designed  gas-heated  apparatus  for  drying  toe  caps. 


These  are  merely  instances  of  how  gas  is  employed  in 
the  textile  trade.     There  are  many  others. 


The  boot  trade. 

We  will  now  turn  to  another  industry,  the  boot  trade. 
The  shaping  of  leather  goods  is  greatly  facilitated  by 
the  application  of  heat.  A  popular  use  of  gas  here  is 
for  drying  the  cement  used  for  "  blocking  "  the  toe  caps 
of  boots.  This  apparatus  is  a  circular  table  with  a 
centre  chamber  heated  by  gas.  In  this  holes  are  cut 
to  allow  the  toe  caps  of  the  boots  to  enter  in  order  that 
the  cement  may  be  artificially  dried  (see  illustration). 
The  table  revolves,  so  that  the  boy  who  feeds  it  is 
relieved  from  running.about  too  much. 

Ironing  the  leather  is  another  use  of  gas  in  boot 
making,  whilst  yet  another  is  "  treeing,"  that  is  to  say, 
making  the  boots  take  the  exact  shape  of  the  last  on 
which  they  are  modelled.  This  latter  is  practically  the 
final  operation  of  the  manufacture.  Gas  is  also  employed 
for  heating  the  special  iron  that  is  used  for  polishing  the 
heels  and  soles  of  boots  and  shoes. 


The  military  cap  industry. 

Gas  heated  irons  are  also  employed  on  a  very  large 
scale  in  the  military  cap  industry,  and  the  steam  blocks 
on  which  the  caps  are  shaped  are  also  heated  by  means 
of  bunsen  burners. 
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FIG.    XXXVII. 


We  have  already  dealt  with  the  gas  engine,  the 
function  of  which  is  to  develop  power  which  can  then 
be  applied  to  any  purpose.  The  present  lesson  deals 
with  a  method  of  pumping  water  by  means  of  gas ; 
not,  however,  by  using  a  gas  engine  to  drive  a  pump, 
but  by  blending  the  two  together,  so  that  the  pump 
and  engine  become  one  and  the  same  thing,  and  there- 
fore much  simpler  and  more  efficient  in  operation. 
Some  200  million  gallons  are  pumped  in  London  every 
24  hours  by  the  machine  we  are  to  describe. 

It  will  be  recalled  from  the  lesson  on  the  gas 
engine  that  the  explosive  force  produced  by  the 
ignition  of  a  volume  of  gas  and  air  sets  a  piston  in 
motion,  which  in  turn  causes  the  engine  flywheel  to 
rotate.  The  water  pump  now  to  be  described  operates 
on  a  similar  principle,  but  the  explosive  force  is 
made  to  act  upon  a  surface  of  water,  thus  causing 
the  water  to  be  literally  blown  along  the  connecting 
pipes.  Fig.  XXXVII  shows  in  diagramatic  form  the 
main  features  of  the  pump,  (a)  is  the  cylinder  in  which 
the  explosive  charge  of  gas  and  air  is  ignited.  It  is 
built  in  the  tank  (b)  and  a  pipe  (c)  dips  into  the  tank  (d) 
which  is  continually  replenished  with  water  from  the 
reservoirs.  (e)  and  (/)  are  the  gas  and  air  valves 


respectively,  and  act  in  exactly  the 
same  way  as  the  valves  in  the  gas 
engine  described  in  the  previous 
lessons.  (°)  is  the  exhaust  valve 
through  which  the  spent  products  of 
combustion  escape  when  they  have 
done  their  work.  The  valves  (/;)  are 
simple  hinged  valves  which,  while 
they  will  allow  water  to  pass  from 
the  tank  (b)  into  the  cylinder  (a),  will 
not  allow  it  to  pass  back.  The  dia- 
gram shows  clearly  that  any  tendency 
for  the  water  in  (a)  to  pass  into  (b) 
would  only  cause  the  valves  (h)  to 
close  more  tightly. 

Imagine     for     a     moment     that     the 
cylinder   (a)   is  charged   with   water   to 
the   level    (i)   and   that    the   space  (_;')  is 
full   of  explosive  mixture — gas  and  air. 
The   mixture   is   ignited   by   an   electric 
spark,  and  the  force  so  produced  presses 
the    water    downwards ;     and    since    it 
cannot   get    through    the    valves   (/;)   it 
must  therefore  pass  along  the  pipe  (k) 
into   the   column    (/)  and  away  through 
the   pipe    (m).     When   the  force  of  the 
explosion  is  spent  the  exhaust  valve  (°) 
opens,  and  owing  to  the  high  level  of  the 
water  in  the  column  (/)  some  of  the  water 
flows  back  into  cylinder  (a)  and  so  expels 
the  scent  gases.     During  this  period  the 
water   rushes   back   into   (a)    with    con- 
siderable force  and  draws  with  it  some 
of  the  water  from  (b)  through  the  valves  (/;).     When  the 
water  has  risen  about  half-way  into  (a)  the  exhaust  valve 
(^)   closes,   and    the   spent   gases   then   remaining   in    the 
cylinder,  being  unable  to  escape,  are  compre  sed  by  the 
force  of  the  still  rising  water.     These  gases  therefore  act 
as  a  cushion  in  bringing  the  water  .to  a  standstill  at  about 
the  level  (?).     The  compressed  gases  then  expand  again  and 
force  the  water  back  into  the  column  (/).     As  the  water 
descends  in  the  cylinder  (a)  it  draws  in  a  new  charge  of  gas 
and  air  through  the  valves  (e)  and  (/).   When  the  water  has 
reached  its  lowest  level  and  the  fpace  (/)  is  fully  charged 
with  air-gas  explosive  mixture,   the  water  again   rises  in 
the  cylinder  because  of  the  high   level  in  the  column  (/) 
and   draws   water  in  with  it  through  the  valve-   (/().     It 
rises   to   the   level    (i),   thus    compressing    the   explosive 
mixture  which  is  then  ignited  by  an  electric  spark.     The 
force   of  the   explosion   then   propels   the   water  into   the 
column   (I)   and  so   the   cycle  of   operations   is  repeated. 
The   water  in   rising   and  falling  in  the  cylinder  (a)  acts 
just   like   the  piston   of  the   gas   engine.      The   fact   that 
no    cranks,    rotating   parts,   belts   or   such  complications 
are     necessary    renders    the    pump     remarkably    simple, 
there  being  practically  only  the  valves  to  suffer  wear  and 
tear. 
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Fig.  XXXVIII. 


Important  as  are  all  the  industrial  uses  of  gas  which 
have  b-en  described,  and  which  are  by  no  means  exhaus- 
tive, there  is  one  field  being  opened  up  which  in  its  effect 
upon  national  life  surpasses  all  others.  That  is  ste-im 
raising.  In  the  preceding  lessons  we  dealt  with  the  waste- 
ful use  o»  coal  in  steam  boilers  from  the  p  >iut  of  view  not 
only  of  fin  d  efficiency,  but  also  of  the  loss  of  the  valuable 
by-products.  Both  of  these  points  are  very  important. 

In  certain  manufactories  it  is  true  that  great  economy, 
reaia-ded  in  t  ie  lit;ht  of  results  usually  associated  with 
coal  boilers,  is  obtained  by  certain  methods,  such  as  the 
use  of  steam  pressures,  and  the  pre-heating  of  the  water 
before  it  enters  the  boiler  ;  but  the  net  result  of  it  all  is  an 
efficiency,  at  best,  of  70  to  75  per  cent.,  that  is  70  to  75  per 
c^nt.  of  the  heat  of  the  fuel  is  actually  utilised,  the  other 
25  to  30  per  cent,  being  wasted. 

In  other  words,  of  the  power  in  the  coal  put  into  the 
furnaces  only  about  three-quarters  does  useful  work  in 
raising  steam,  the  rest  being  lost  in  various  ways. 

A  system  by  which  steam  boilers  can  be  heated  by 
g*s  is  in  actual  use,  giving  an  efficiency  of  marly  93  per 
cent.  This  strikes  at  the  very  routs  of  the  problem  of  fuel 
economy  referred  to  in  the  earlier  lessons,  and  is  as  near 
perlection  as  can  reason »bly  be  expected,  only  7  per  cent, 
being  llowed  to  go  away  unused. 

Attempts  have  been  made  to  heat  boilers  for  steam 
raising  purposes  by  means  of  ordinary  gas  jets,  but  they 
have  invariably  been  abandoned.  No  great  progress  was 
made  until  Prot.  W.  A.  Bone,  F.R.S.,  collated  the  results 
of  hi>  inves'i-jations  into  the  principles  of  surface  com- 
bustion ;  and  it  is  the  boiler  embodying  these  results  that 
will  now  be  described. 

The  "  Bonecourt  "  boiler,  as  it  is  known,  marks  a 
stagu  in  the  industrial  use  of  gas  from  which  many  new 
developments  are  expected.  Tne  boiler  consists  of  the 


outer  drum  (h),  which  would  be  about  2/3rds  full  of  water, 
the  remaining  l/3rd  (e)  being  the  space  where  the  steam 
forms.  A  number  of  tubes  about  6  inches  in  diameter 
pass  through  the  drum  (only  9  are  shown  in  figure)  and  it 
is  in  these  tubes  that  the  gas  is  burned,  the  heat  produced 
readily  passing  through  the  metal  of  the  tubes  into  the 
water  surrounding  them,  and  so  forming  steam.  The 
special  feature  of  the  boiler  is  that  the  tubes  are  packed 
with  rectangular  blocks  of  special  fire-brick  material  so 
arranged  so  as  to  form  a  passage  right  through  the  tubes. 
When  this  fire-brick  material  gets  hot  it  hastens  the  com- 
bustion of  the  gas,  with  the  result  that  a  much  larger 
quantity  of  gas  can  be  consumed  in  each  tube  than  if  the 
fire-brick  were  not  there.  In  large  boilers  there  may  be 
46,  or  more,  of  these  combustion  tubes.  The  illustration 
shows  how  the  gas  is  led  into  the  tubes,  the  supply  to  each 
tube  being  separately  controlled  by  a  valve  (k).  (a)  is  the 
gas  main  from  which  branches  are  ed  to  each  of  the  tubes. 
Only  one  such  branch  (b)  is  shown  in  sketch. 

In  boilers  of  this  type  there  is  no  need  for  a  chimney 
shaft,  but  a  suction  fan  is  usually  provided  at  the  outlet  (g) 
so  as  to  draw  a  current  of  air  into  the  tubes  (c — c)  with 
the  gas. 

The  tubes  extend  from  the  front  of  the  boiler  to  the 
plate  (t).  The  space  (f)  acts  as  a  sort  of  reservoir  into 
which  the  products  of  combustion  from  all  the  tubes  pour 
before  they  are  finallv  drawn  away  through  (g)  by  the 
suction  fan.  The  boiler  is  mounted  on  brick-work  so  as  to 
give  a  stable  foundation.  The  arrows  show  the  direction 
of  the  gas  and  air  through  the  boiler. 

When  the  boiler  is  first  started,  the  fire-clay  material, 
being  cold,  has  no  action  on  the  burning  gas.  It  soon  gets 
hot,  however,  and  in  a  few  minutes  the  air  and  gas  can  be 
adjusted  to  the  right  proportions  to  produce  the  maximum 
temperature;  that  is  when  there  is  just  sufficient  air  to 
burn  the  gas  and  no  more. 


Ill 
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The  heating  of  liquids  in  vats  is  usually  carried  out  by 
means  of  the  injection  of  steam  raised  from  solid  fuel,  but  the 
practice  is  rapidly  growing  of  using  specially  constructed  gas 
heaters  which  dip  into  the  liquid. 

These  are  particularly  advantageous  for  boiling  large 
quantities  of  water,  say  in  200-gallon  wooden  vats.  One  use 
for  such  large  quantities  of  water  is  for  cleansing  and  extract- 
ing the  marrow  from  large  bones. 

Since  it  is  necessary  to  construct  the  vats  of  wood, 
obviously  it  is  impossible  to  heat  them  externally ;  hence  the 
use  of  steam  and  more  recently  of  the  special  gas  heaters. 

These  internal  heaters  are  also  applied  to  the  heating  of 
large  quantities  of  acids,  when  a  moderate  temperature  only 
is  required. 

The  older  method  of  heating  such  vats  was  to  pass  steam 
through  a  lead  pipe  coil,  which  was  submerged  in  the  liquid. 

The  modern  gas  heater  is  made  of  lead  and  consists  of  .a 
pipe  inserted  at  the  bottom  of  the  vat,  running  along  its  floor 
and  then  branching  off  left  and  right  into  two  other  pipes 
which  are  carried  vertically  out  of  the  top  of  the  vat. 

A  bunsen  flame  is  inserted  into  the  mouth  of  the  heater  at 
the  bottom  of  the  vat,  and  the  hot  gases  travel  through  the 
pipe  and  exhaust  through  the  two  vertical  pipes  which  pass 
out  at  the  top  of  the  vat. 

As  the  portion  of  the  exhaust  pipe  standing  above  the 
liquid  would  be  in  danger  of  overheating  by  contact  with  the 
hot  gas,  this  is  lined  on  the  inside  with  a  brass  tube,  and 
between  the  lead  and  brass  tube  is  suitable  heat-insulating 
material. 

Another  form  of  internal  heater  consists  of  two  vertical 
cylinders  joined  together  at  the  bottom,  one  containing  the 
bunsen  burner  and  the  other  acting  as  the  exhaust.  This  is 
dipped  into  the  liquid  until  the  required  heat  is  obtained  (see 
illustration). 

For  supplying  saturated  steam  for  shrinking,  fumigating, 
wood  bending,  etc.,  gravity-fed  evaporators  are  largely  used. 

A  gravity-fed  evaporator  consists  of  two  vessels  one  inside 
the  other,  the  outer  one  containing  water.  The  water  is 
evaporated  into  steam  by  means  of  gas,  the  steam  passing 
into  the  inner  vessel  which  contains  the  articles  to  be  treated. 
They  are  very  simple  and  efficient. 

In  the  same  way  these  gas-heated  jacketted  pans,  that  is  to 
say,  two  vessels  one  inside  the  other,  and  the  outer  one  con- 
taining boiling  water,  are  in  constant  use  for  boiling  soaps, 
pickles,  sugar,  jams,  glue,  wax,  and  many  similar  articles 
which  might  be  damaged  by  the  direct  application  of  heat. 

The  great  necessity  in  such  cases  is  to  secure  an  even 
heating,  and  particularly  so  with  sugar  and  jam.  Confec- 
tioners frequently  require  an  apparatus  that  will  heat  56  Ibs. 
of  sugar  to  320°F.  in  about  20  minutes. 

A  quick  and  even  heating  produces  sweets  of  a  good  colour, 
which  is  very  essential  in  the  manufacture  of  light-coloured 
goods  such  as  acid  tablets. 

Boilers  fitted  with  ordinary  burners  are  suitable  for  low 
temperature  heating,  but  high  pressure  gas  or  blast  burners 
nre  better  when  higher  temperatures  are  required. 
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The  advantage  of  the  fire-brick. 

It  was  pointed  out  in  the  last  lesson  what  a  great 
influence  the  hot  fire-brick  has  upon  the  combustion  of 
gas.  To  such  an  extent  is  this  felt  that  when  a  surface 
combustion  boiler  is  working  no  flame  can  be  iseen 
in  the  tubes,  although  the  combustion  is  going  on  at  a 
rapid  rate,  as  is  shown  by  the  intense  heat  of  the  fire- 
clay material. 

Surface  combustion. 

The  gas  is  as  a  matter  of  fact  burning  actually  on 
the  surface  of  the  fire-clay  material;  hence  the  name 
"  surface  combustion."  The  fire-clay  material  when 
so  heated  emits  radiant  heat  which  is  rapidly  trans- 
ferred through  the  tubes  to  the  water  and  so  used  to 
make  steam. 

Why  gas  is  used. 

As  in  all  other  directions  where  gas  is  employed, 
regulation  and  control  are  the  great  advantages,  and 
with  this  medium  the  temperature  of  the  fire-clay  sur- 
faces in  the  tubes  can  be  maintained  for  an  indefinite 
period. 

Let  us  look  at  some  of  the  advantages  of  this  method 
of  steam  raising. 

Heat  transmission  by  radiation. 

(See  Lesson  62.) 

The  fire-clay  packing  in  the  tubes  causes  by  far  the 
greater  part  of  the  heat  to  be  transmitted  to  the  water 
by  radiation,  instead  of  by  conduction,  and  thus  a 
larger  quantity  of  steam  can  be  produced  than  by  an 
ordinary  boiler  of  the  same  size. 

Saving  in  space. 

An  installation  of  gas-fired  boilers  to  evaporate 
48,000  Ibs.  of  water  into  steam  would  require  floor 
space  of  225  square  feet  against  the  2,000  square  feet 


necessary  for  ordinary  boilers  using  solid  fuel;  the 
absence  of  the  brickwork,  chimney  and  flues,  which  are 
not  needed  in  the  gas-fired  boilers  but  are  necessary 
with  ordinary  ones,  is  also  a  point  worth  considering. 

Improved  evaporation. 

The  extent  to  which  the  fire-clay  material  in  the 
tubes  accelerates  the  combustion  of  the  mixture  of  gas 
and  air  is  illustrated  by  the  relative  smallness  of  the 
surface  combustion  boilers  for  a  given  amount  of  steam 
production. 

Quick  steam  raising. 

One  of  the  great  advantages  of  this  method  of  heat- 
ing is  the  ease  with  which  steam  can  be  raised.  If 
the  boiler  stopped  working  at  night  with  a  pressure  of 
steam  of,  say,  100  Ibs.  per  square  inch,  in  the  morn- 
ing the  pressure  would  actually  be  found  to  be  60  Ibs. 
per  square  inch ;  and  to  raise  it  again  to  100  Ibs.  would 
take  only  a  few  minutes. 

Saving  in  capital  cost. 

Where  gas-fired  boilers  are  installed  there  is  great 
saving  in  capital  expenses  and  in  the  cost  of  erection 
owing  to  the  absence  of  brickwork  and  chimney  shaft. 

The  number  of  tubes  in  use  can  be  controlled,  any 
number  being  left  out  of  operation  by  closing  the  valves 
which  supply  them  with  gas. 

Strength  of  construction. 

Compared  with  the  ordinary  coal-heated  water-tube 
boiler,  the  surface  combustion  boiler  is  much  stronger. 
The  6  inch  combustion  tube  from  £  inch  to  £  inch  thick 
in  addition  to  its  particular  function  gives  stiffness  and 
strength  to  the  boiler  and  so  serves  a  double  purpose. 
Again,  the  use  of  gas  is  not  injurious  to  the  metal 
of  the  boiler,  as  is  the  case  with  solid  fuel.  Tubes 
of  surface  combustion  boilers  have  been  found  to  show 
no  deterioration  whatever  after  six  months'  wear. 
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PART   III. 


A  series  of  ten  lessons  illustrating  the  universal  application 
of  gas  as    a    source   of  artificial    heat    in    modern    times. 


The  following  General  Information  and  Essay  Lessons 
are  inserted  as  suggestions  only  of  the  endless  variety  of 
uses  for  Gas  in  modern  industry. 

The  historical  matter  has  been  carefully  compiled  by 
University  men  and  women  who  are  specialists  in  various 
branches  of  historical  and  scientific  research. 

Gas  processes  are  in  these  lessons  only  incidentally 
referred  to,  and  it  may  be  well  to  mention  that  the  Secre- 
tary of  the  B.C.G.A.  will  gladly  send  technical  information 
upon  the  various  processes  to  teachers  of  upper  forms,  or  of 
adults,  who  may  desire  to  follow  the  more  general  matter 
by  technical  instruction. 

If  some  of  the  lessons  are  too  long  or  overburdened  with 
information  it  will  be  found  that  they  may  readily  be  divided 
into  two  parts,  each  of  which  can  be  taken  separately. 


PART  III.— LESSON  106. 


HOW  EVERYONE  CAN  HELP  THE  COUNTRY. 


Fuel  and  finance. 

The  teacher  will  explain  to  the  children  that  during 
the  War  everyone  was  spending  time,  energy,  and 
money  making  destructive  instead  of  constructive 
goods,  so  that  as  a  result  we  are  now  much  poorer. 
Also  owing  to  scarcity  of  materials  caused  by  lack 
of  production  during  the  war  the  cost  of  all  processes 
and  commodities  is  correspondingly  higher.  Owing  to 
this  the  cost  of  living  and  hence  wages  have  risen 
also.  Since  England  is  an  industrial  country  our  great 
need  is  for  cheap  fuel,  and  preferably  a  fuel  that  we 
already  have  in  the  country.  '  England's  only  home 
fuel  is  coal.  On  our  ability  both  to  sell  our  coal  re- 
muneratively in  the  foreign  markets  and  to  supply  our 
home  industries  adequately,  cheaply  and  suitably 
depends  our  international  credit  and  our  entire  indus- 
trial existence.  (The  teacher  would  here  explain  to 
the  children  that  credit  is  equivalent  to  "  good  will  "; 
that  actual  money  is  not  paid  over  for  services  rendered 
or  goods  supplied — and  that  the  principle  of  paying  in 
"  kind  "  still  exists,  e.g.,  England  pays  for  much  of 
her  imported  goods  both  raw  materials  and  manufac- 
tured articles  in  coal.) 

As  a  result  of  '  the  Coal  Stoppage  the  cost  of  pro- 
ducing coal  must  remain  higher  than  the  relative  pre- 
war cost,  therefore  if  the  cost  of  a  ton  of  coal  is  to  be 
higher  we  must  make  the  value  of  that  ton  of  coal 
greater. 

How  many  of  us  know  that  our  supplies  of  the 
special  coking  coal  which  are  essential  for  our  own 
iron  and  steel  industries  are  so  limited  that,  given  the 
normal  expansion  in  industry  without  which  we  cannot 
prosper,  they  may  not  last  us,  under  our  present  waste- 
ful sysetm  of  use,  much  more  than  50  years? 

The  teacher  would  then  impress  on  the  children  that 


it  is  the  duty  of  each  one  of  us  to  see  that  this  limited 
source  of  wealth  is  used  only  to  the  utmost  advantage 
and  for  the  benefit  of  our  steel  industries. 

Crude  coal  is  not  a  fuel. 

It  should  be  especially  noted  that  burning  crude  coal 
in  a  domestic  grate  is  burning  away  our  wealth,  and 
ruining  our  national  health  by  polluting  the  atmosphere 
with  the  precious  coal  products,  which,  properly 
employed,  are  good  and  useful,  but  wrongly  used  are 
damaging-  and  should  therefore  be  extracted  before  the 
product  of  our  coal  mines  is  sanctioned  as  a  fuel.  As 
one  instance,  chemicals  in  tarry  soot  are  invaluable 
if  converted  into  dyes,  drugs,  fertilizers  and  motor 
spirits,  while  they  are  poisons  which  damage  and  stunt 
the  lives  of  plants  and  animals,  human  or  otherwise, 
if  breathed  in  with  the  air  of  heaven. 

By  carbonisation  (distillation  of  coal  in  closed  retorts) 
the  net  value  of  coke  and  coal  tar  obtained  from  a  ton  of 
coal  is  about  equal  to  a  ton  of  coal  as  ordinarily  used. 
The  value  of  gas,  about  12,000  c.  ft.  and  also  the 
recoverable  benzole  and  ammonia  are  thus  clear  gain. 

Some  of  the  direct  and  indirect  products  of  coal  gas 
manufacture  are  : — 

From  Coal  Gas — Light,  Heat,  Power — Benzine. 
T.N.T.— Motor  Spirit. 

From  Fertilizers  (Sulphate  of  Ammonia,  etc.) — 
Cereals,  Fodder,  Beef,  Mutton,  Milk,  Butter, 
Cheese. 

From  Coal  Tar — Dyes,  Acids,  Fuel  Oil  for  Navy, 
Benzine^  Motor  Spirit. 

From  Coke — Fuel  for  Gas  Producers,  Steam  Raising 
— Industrial  and  Domestic  Use. 

From  Retort  Carbon — Carbon  electrodes  for  search- 
lights, electrical  steel  furnaces,  etc. 


LESSON  107. 


COOKING  ON  A  LARGE  SCALE 


Mediaeval  cooking. 

The  primitive  cooking  of  meat  certainly  had  to  be 
on  a  large  scale,  as  a  whole  animal  at  a  time  was 
cooked  after  it  had  been  slain,  and  many  folk  partook ; 
and  well  into  civilised  times  recourse  has  been  had  to 
the  same  custom  on  great  occasions.  "  An  ox  roasted 
whole"  is  even  now  a  possible  form  of  festivity;  it 
used  to  be  a  common  one.  We  are  able  to  trace  many 
details  of  this  generous  way  of  cooking  in  English 
mediaeval  times.  Meat  could  be  preserved  only  by 
salting  it  and  that  was  not  good  fare  for  the  nobility 
or  their  guests.  Thus  the  aristocracy  constantly  had 
beasts  slaughtered  for  their  immediate  use.  Hunting 
brought  in  great  birds  such  as  swans,  bustards  and  pea- 
cocks, with  smaller  ones  by  the  dozen  and  score.  Then 
there  were  large  numbers  of  retainers  waiting  on 
the  great  people,  and  board  was  freely  given  to  all 


dependants.  We  can  fancy  the  manorial  hall  when  the 
lord  was  in  residence,  full  of  people  of  all  kinds.  The 
great  dishes  were  first  carried  to  the  head  of  the  house, 
his  family  and  guests,  then  down  the  long  tables  to 
those  of  lower  rank  in  order,  and  after  the  last  scullion 
had  been  fed  there  were  always  the  beggars.  Meals 
were  on  the  same  scale  in  the  great  monastic  houses 
though  the  food  was  somewhat  more  simple  and  the 
gradations  of  rank  not  so  marked.  No  cook  in  those 
days  could  know  within  a  dozen  or  so  for  how  many  to- 
provide,  for  there  was  always  the  chance  of  unexpected' 
guests,  belated  travellers,  or  infirm  people  begging  for 
rest  and  shelter.  No  wonder  the  manorial  kitchens 
were  very  spacious.  Often  their  only  sources  cf  light 
were  the  great  open  fires,  with  large  joints  and  birds 
in  front  and  smaller  birds  and  pieces  of  meat  on  spits. 
Great  cauldrons  were  used  for  "pottages,"  beans  and! 
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greens ;  and  also  for  hot  water  for  cleansing  dishes. 
We  get  the  fullest  account  of  how  these  cauldrons 
were  tended  in  various  monastic  rules,  where  we  find 
that  the  monks  timed  their  soaking  and  boiling  of 
beans  not  by  clocks  but  by  the  daily  services  that  they 
attended. 

Quantities  are  not  often  mentioned  in  ancient  cookery 
books,  but  there  is  a  pleasing  amplitude  of  hospitality 
about  "  Take  Hares,"  "  Take  Pigges,"  "  Take 
Capons,  hens,  chetynes  and  dowes,"  as  there  is  with 
iauces  which  begin  with  a  gallon  of  wine  and  require 
two  or  three  pounds  each  of  currants,  dates  and  raisins. 
So  much  was  this  kind  of  "  largesse  "  esteemed  that  it 
was  carried  to  great  excesses  in  more  than  one  century 
of  English  life.  William  Rufus  was  famed  for  his  great 
feasts  held  in  his  newly  built  Westminster  Hall; 
Richard  II.  was  said  to  have  2,000  cooks  and  to  enter- 
tain 1,000  visitors  at  once.  One  benevolent  Arch- 
bishop of  Canterbury  provided  daily  for  5,000  people. 
Perhaps  the  most  picturesque  hospitality  of  all  was  that 
of  Warwick,  the  King-maker,  who  had  six  oxen  cooked 
every  morning  in  his  London  house,  where  the  custom 
was  that  every  visitor  introduced  by  a  member  of  the 
household  might  take  away  as  much  meat  as  he  could 
impale  on  his  dagger.  All  this  cooking  was  for  the 
most  part  done  with  wood ;  charcoal  was  the  only 
alternative. 

The  question  of  fuel. 

The  first  person  to  consider  how  to  economise  fuel 
in  cooking  on  a  large  scale  was  Count  Rumford,  who 
provided  soup  for  the  Munich  beggars  about  1794  at 
an  astonishingly  low  cost.  His  experiments  in  saving 
fuel  are  a  model  of  their  kind.  His  principle  was  to 
apply  heat  as  far  as  possible  just  where  it  was  wanted 
and  nowhere  else,  and  he  was  therefore  the  first  person 
to  condemn  open  fires.  Beechwood  was  used  in 
Munich ;  special  closed  grates  were  built ;  and  further, 
the  cauldrons  and  their  double  covers  were  made  so  as 
to  conserve  heat  to  the  utmost.  He  also  drew  off  the 


steam  from  his  boiling  soups  and  used  it  to  heat  water. 
He  could  provide  a  meal  for  about  1,000  persons  at 
a  fuel  cost  of  a  few  pence  by  burning  wood.  For  similar 
cooking  in  London  and  Dublin  he  used  coal,  and  was 
much  dissatisfied  to  find  that  until  he  could  design 
new  forms  of  fireplaces  there  and  reduce  the  expendi- 
ture, cooking  on  the  same  scale  as  in  Munich  cost 
between  two  and  three  shillings  for  1,000  persons  in 
London  or  Dublin.  Coal  then  cost  about  23s.  per  ton ; 
wood  in  Munich  was  extremely  cheap. 

In  1883  the  Rev.  Moore  Ede  instituted  penny  dinners 
for  the  poor  of  Gateshead,  and  found  that  the  most 
economical  method  for  fuel  was  to  use  large  double 
vessels  heated  underneath  by  gas. 

The  proper  cooking  of  food  is  becoming  day  by  day 
more  widely  recognised  and  appreciated  in  the  large 
institutions  of  th'*s  and  other  countries  because  there 
is  no  gainsaying  the  fact  that  the  good  health  and 
efficiency  of  everyone  is,  to  a  great  extent,  dependent 
upon  the  proper  nourishment  of  the  body,  and  proper 
nourishment  can  only  be  effected  by  properly  cooked 
food. 

The  reputations  of  an  hotel,  restaurant  and  the  work- 
ing man's  dining  rooms  depend  largely  upon  the 
manner  in  which  the  food  supplied  to  its  patrons  is 
served. 


Gas,  the  solution. 

The  gas  cooker,  which  forms  one  of.  the  essential 
features  of  equipment  in  the  most  palatial  as  well  as  the 
humblest  dwellings  in  the  land,  is  the  principal  agent 
employed  for  cooking  in  large  catering  establishments 
for  the  very  good  reason  that  the  chef  or  cook  is  able 
to  rely  absolutely  on  gas-heated  apparatus.  The  ease 
of  manipulation  and  reliability  of  gas  appliances  supply 
the  first  essentials  of  good  cooking. 

Gas  makes  no  dirt  or  work,  such  as  is  caused  in 
making  up  coal  fires  and  removing  ashes,  and  so  the 
very  important  desideratum  of  cleanliness  in  the  kitchen 
is  also  secured. 


LESSON  108. 


THE  BANANA. 


It  is  only  in  quite  recent  years  that  the  banana  has 
become  a  homely  common  fruit  among  us,  after  being 
for  three  centuries  a  strange  tropical  one.  Dr. 
Rauwolff,  a  Dutchman,  who  travelled  in  the  near  East 
in  1573,  mainly  to  note  new  plants,  gives  a  vivid 
description  of  the  tree  and  its  fruit  as  he  saw  it  in 
Tripoli. 

He  mentions  that  the  Greeks  as  well  as  the  Romans 
knew  bananas  as  strange  Indian  fruit,  and  that 
Alexander  the  Great's  soldiers  in  India  were  warned 
against  reckless  indulgence  of  their  fondness  for  them 
as  producing  the  usual  results  of  a  surfeit  of  fruit. 
The  tree  seems  to  have  spread  from  the  Malay  Archi- 
pelago over  India,  the  Levant  and  Eastern  Africa,  and 
is  plentiful  both  wild  and  cultivated.  Early  in  the 
17th  century  they  were  reported  to  be  found  in  Central  . 
America  and  the  West  Indies  (transplanted  ones,  at 


any  rate,  there  being  some  doubt  as  to  whether  they 
were  native  there).  But  they  are  indeed  widely  spread 
over  the  tropics,  including  the  Pacific  Islands;  for  they 
repay  cultivation  by  a  rapidity  and  prodigality  of 
growth  which  is  phenomenal. 

Its  introduction  to  this  country. 

The  first  fresh  banana  seen  in  England  was  at  the 
shop  ol  Thomas  Johnson,  an  apothecary  on  Snow  Hill, 
London,  about  1635.  He  exhibited  a  bunch  in  his 
shop  and  they  ripened  there  in  sunlight.  His  friend, 
Gerard  the  herbalist,  had  previously  seen  a  pickled 
specimen  from  Aleppo,  but  never  a  fresh  one.  This 
bunch  came  from  the  Bermudas,  where  they  are 
usually  called  plantains.  The  name  has  no  connection 
with  our  common  weed ;  the  Spaniards  used  it  for  the 
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banana  tree  because  they  thought  it  was  like  their 
plane  tree  (Platanus),  though  the  banana,  Musa 
sapientum  or  paradisiaca,  has  no  connection  with  that 
either.  The  dull  Latin  names  nave  an  interest  of  their 
own ;  Musa  is  a  Latinized  version  of  the  Arabic  name 
in  the  13th  century;  paradisiaca  is  derived  from  the 
fancy  that  it  was  actually  Eve's  apple,  and  sapientum 
was  given  because  sages  were  reported  to  "  repose 
beneath  its  shade  and  live  on  its  fruit." 

It  is  not  a  bad  choice  of  diet  for  anyone  in  a  hot 
climate  who  wishes  to  be  free  from  the  cares  of  cookery, 
for  it  contains  more  nourishment  than  almost  any  other 
fruit,  except  nuts.  It  is  a  regular  article  of  food  in 
both  East  and  West  Indies,  and  in  parts  of  Africa. 
Malayan  children  are  almost  brought  up  on  bananas 
and  rice  water  after  they  are  weaned.  It  is  also  a 
convenient  fruit  to  eat,  because  its  small  seeds  are 
negligible  and  its  skin  is  readily  removed.  We  have 
various  recipes  for  cooking  it,  now  it  is  so  generally 
used  in  European  countries,  but  there  is  much  to  be 
said  for  the  crude  West  Indian  method  of  roasting  it  in 
the  skin  in  ashes. 

Banana  trees  in  sunny  lands. 

A  great  bunch  of  the  banana  fruit,  more  or  less  ripe, 
is  now  a  familiar  object  in  England;  but  we  do  not 
see  the  tree,  which  strikes  travellers  as  very  handsome, 
with  its  great  tuft  of  immense  leaves  of  a.  brilliant  light 
green.  Rauwolff  says  they  are  so  long  and  so  broad 
that  "  the  biggest  person  may  lie  on  them  with  his 
whole  body  quite  well !  ' '  But  it  would  not  be  very 
comfortable  lying,  as  very  often  these  great  leaves  are 
split  down  to  the  mid-rib  again  and  again  by  the  wind, 
so  that  they  look  like  feathers.  Nevertheless  they  are 
used  by  natives  as  roof  coverings  when  approximately 
whole,  and  the  tough  fibres  are  made  into  baskets, 
cords  and  even  paper. 

The  young  leaves  grow  at  an  extraordinary  rate, 
often  four  inches  in  length  in  one  night,  which  means 
the  addition  of  about  50  square  inches  of  surface  in  so 
broad  a  leaf.  The  production  of  the  fruit  is  also  very 
quick.  A  new  "  sucker  "  from  the  same  root  springs 
up  a  foot  or  two  from  an  existing  tree,  and  usually 
in  less  than  a  year  it  has  grown  to  full  height  (12 
feet  or  more)  and  produced  its  big  bunch  of  fruit,  after 


which  its  life  is  over  :  but  more  suckers  are  ready  to 
go  on.  The  seeds  of  the  edible  banana  are  too  weak 
for  propagation. 

There  are  a  great  number  of  varieties,  different  in 
appearance  and  in  flavour.  Forty-four  were  enumerated 
in  1814.  They  may  be  distinguished  as  the  larger 
coarser  kinds,  from  8  to  15  inches  long,  and  the  smaller 
ones  with  more  flavour  from  1  to  6  inches  long. 

As  to  their  nutritive  value.  An  acre  of  ground  will 
actually  produce  more  nourishment  in  a  year  if  planted 
with  bananas  than  with  any  other  plant;  but  the 
nourishment  is  not  concentrated.  A  large  number  of 
bananas  daily  would  be  necessary  to  support  life,  even 
in  the  tropics,  if  no  other  food  were  taken. 

Artificial  ripening. 

Bananas  are  imported  into  this  country  in  an  unripe 
state,  the  skins  being  generally  quite  green  and  the 
fruit  not  in  its  best  condition  for  eating. 

Although  large  quantities  of  the  fruit  are  ripened  by 
natural  processes  the  demand  is  often  greater  than  the 
supply  and  artificial  methods  have  to  be  resorted  to. 

In  this  latter  case  the  heat  has  to  be  applied  to 
the  fruit,  and  gas,  by  reason  of  its  ease  of  manipula- 
tion, is  the  method  most  generally  used.  The  bananas 
are  hung  from  the  ceiling  of  the  heating  chamber,  and 
the  gas  burners — either  flat-flame  or  bunsen — are 
fitted  above  the  floor  level  so  that  the  heat  is  well 
distributed  over  the  whole  of  the  chamber.  The 
temperature  varies  according  to  the  ripeness  of  the 
fruit,  and  with  gas  burners  this  can  be  regulated  to  an 
exact  degree.  Usually,  however,  the  temperature  is 
raised  to  about  80  degrees  when  the  fruit  is  first  placed 
in  the  chamber,  and  after  being  kept  at  that  heat  for 
some  time  gradually  reduced  until  the  proper  ripened 
state  is  reached. 

In  this  case  as  in  many  others  the  modern  gas  heated 
appliance,  with  its  easily  regulated  radiant  heat,  is 
used  by  man  to  do  the  work  which  the  radiant  sun 
itself  would  do  if  the  bananas  were  left  for  Nature 
herself  to  ripen.  By  the  help  of  gas,  then,  tho'Se  who 
live  in  temperate  climates  are  enabled  to  enjoy  one  more 
fruit  of  the  tropics  which  could  not  be  shipped  so 
economically  and  so  closely  packed  in  a  ripe  condition. 


LESSON  109. 


BREAD-MAKING. 


The  art  of  bread-making,  although  it  is  perhaps  the 
most  important  of  all  industries  connected  with  the 
preparation  of  human  food,  is  one  which,  until  fairly 
recently,  was  carried  on  in  a  rather  primitive  manner, 
as  the  following  brief  history  of  the  bread  oven  will 
show. 

Historical. 

The  original  oven  was  a  hole  in  the  ground  lined  with 
stones,  and  in  this  a  wood  fire  was  kindled  and  allowed 
to  burn.  When  it  was  just  extinct  the  food  to  be 
baked  was  placed  on  the  hot  ashes  and  the  hole  was 


covered  over  with  clay  or  earth.  At  a  later  period, 
when  the  manipulation  of  clay  had  been  learned,  a  brick 
or  tile  lining  was  used  instead  of  stones.  The  Romans 
used  brick  ovens  and  introduced  them  into  Great 
Britain.  These  ovens  were  heated  with  wood  fires, 
and  as  a  matter  of  fact  the  use  of  the  wood  fire  in 
ovens  continued  for  many  centuries. 

Bread-baking    became    an    industry    in    quite    early 
English  times.     Most  people  then  bought  their  bread, 

J  as  few  of  the  houses  in  small  towns  and  villages  had 
room  for  large  brick  structures,  and,  in  the  case  of 
wooden  houses  the  heat  from  the  brick  oven  was  con- 

'  sidered    to   be    dangerous.        Occasionally    in    a    large 
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ILLUSTRATIONS. 

1.  Women  grinding  corn  in  early  times. 

2.  A  Roman  bakery. 

3.  A  Sixteenth  Century  baker. 

4.  A  cottage    "bread   oven"    still   seen    in    England, 

especially  in  the  North  and  Midlands. 

5.  The  modern  gas  oven  on  bread  baking  days. 
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manor  the  lord  compelled  his  tenants  to  bake  their 
bread  in  his  oven,  charging  them  a  fee.  In  the  fifteenth 
century  the  London  baker  was  a  cause  of  anxiety  to  his 
neighbours,  who  feared  that  his  fire  might  set  alight 
the  wooden  houses.  He  was  forbidden  to  light  a  fire 
with  fern  or  straw  because  of  the  sparks  and  the  blaze. 

Baking  at  home. 

The  custom  of  making  bread  at  home  did  not  become 
very  widespread  until  houses  were  built  of  stone  or 
brick.  In  the  north  of  England,  where  wood  was 
scarce  and  the  houses  were  chiefly  made  of  stone,  the 
baking  of  bread  at  home  became  more  common  than 
in  other  parts  of  the  country.  It  is  interesting  to  note 
that  in  the  famous  Mrs.  Glasse's  cookery  book,  first 
published  about  1760 — the  precursor  of  modern  cookery 
books — there  are  directions  for  making  a  wood  fire 
inside  the  brick  baking  oven,  and  also  for  making 
bread  without  fresh  yeast  by  leaving  a  little  of  the 
dough  of  one  baking  to  ferment  until  the  next  day  and 
mixing  this  into  the  new  dough. 

Iron  ovens  with  external  heating  date  from  the  end 
of  the  eighteenth  and  the  beginning  of  the  nineteenth 
century.  But  when  the  oven  made  of  metal  and  heated 
by  solid  fuel  came  into  general  use  for  all  other  baking 
operations  it  was  found  that  it  did  not  bake  bread  so 
well  as  the  brick  oven,  the  thick  walls  of  which  radiated 
a  gentle  steady  heat.  In  consequence,  the  baking  of 
bread  became  more  and  more  the  business  of  the  pro- 
fessional baker. 

In  the  "  thirties  "  the  first  known  gas  cooking  oven 
was  placed  on  the  market.  It  is  largely  owing  to  the 
efficiency  of  the  modern  gas  stove  that  we  find  a  fairly 
strong  tendency  to  revert  a'gain  to  the  old  custom  of 
baking  bread  at  home.  Its  steady  heat  and  ease  of 


regulation  makes  it  possible  to  obtain  quite  good 
results.  It  is,  therefore,  not  surprising  that,  in  view 
of  the  discovery  that  the  ordinary  domestic  gas  stove 
cooked  bread  so  satisfactorily,  the  latest  trend  in  the 
baking  industry  should  also  be  in  the  direction  of  the 
use  of  gas  instead  of  coke  or  coal  for  fuel. 

Gas  ovens  in  the  wholesale  factory. 

In  the  large  wholesale  bread  factory  of  to-day,  in 
place  of  the  dirt-producing  and  heat-creating  solid  fuel 
oven  (with  its  stacks  of  fuel  lying  about  on  the  bakery 
floor)  we  now  find  in  use  the  clean  and  externally  cool 
gas  oven,  consisting  of  a  long,  internally  heated 
chamber,  through  which  the  dough  passes  slowly  on  a 
continuous  web  of  iron  plates.  The  feeding  of  the  dough 
into  the  oven  takes  place  at  one  end  and  automatic 
delivery  of  the  loaves  at  the  other.  So  perfect  in  fact  has 
the  machinery  for  making  and  baking  bread  now  be- 
come that  in  the  modern  bakery  the  dough  is  fed  in 
large  quantities  into  the  "  divider  "  and  passes  auto- 
matically through  various  stages  until  it  is  delivered 
into  the  bread  room  in  the  finished  form  of  baked  loaves. 

The  manufacture  of  bread  by  these  improved  methods 
and  the  substitution  of  machinery  for  man  power  are 
undoubtedly  steps  in  the  right  direction  regarded  from 
a  national  point  of  view.  In  these  days  of  commercial 
strain  and  stress,  when  public  health  is  a  matter  of 
such  general  concern,  too  much  time  and  thought  can- 
not be  spent  upon  ensuring  the  production  of  food 
under  perfectly  hygienic  conditions.  Furthermore,  it 
is  sound  economics  to  use  machinery  wherever  possible 
in  place  of  man  or  woman  power  for  all  purely 
mechanical  operations,  so  that  human  brains  and  human 
labour  may  be  released  for  work  which  no  machine  can 
accomplish. 


LESSON  no. 


SMOKE    FIRES  ANCIENT  AND  MODERN. 


Anyone  who  has  seen  in  hot  countries  the  little 
braziers  out  of  doors  on  which  the  lucky  natives  do 
their  cooking,  or  anyone  who  has  cooked  at  a  camp 
fire  in  a  fine  English  summer,  will  often  regret  to  think 
that  fires  indoors  should  ever  be  necessary.  The 
primitive  hearth  indoors  was  in  the  centre  of  the  single 
room  or  hall  which  constituted  the  house,  and  a  hole 
was  made  in  the  roof  to  let  out  smoke.  In  England  this 
custom  persisted  for  many  centuries  in  small  cottages 
and  hovels.  A  "  louvre  "  or  ventilated  cover  over  the 
hole  to  keep  out  rain  was  the  only  improvement.  Most 
medieval  cooks  carried  on  their  work  with  no  better 
arrangement  than  this  for  getting  rid  of  their  smoke. 

The  history  of  chimneys. 

There  were,  however,  a  few  compensations  when 
people's  eyes  were  smarting  and  their  throats  tickling 
as  they  gathered  round  the  hearth  for  warmth.  It 
was  wood  smoke  and  therefore  not  as  disagreeable  as 
coal  smoke,  and  it  killed  vermin.  Parasites — fleas  and 
worse — on  the  human  body  were  terribly  common,  and 


the  smoke  "kept  them  down."  Still,  Chaucer  speaks 
of  cottages  being  "  sooty  "  with  some  pity  for  their 
inhabitants,  for  by  his  time  the  great  ladies  had  insisted 
on  some  sort  of  chimney  in  their  own  apartments,  if 
not  in  the  great  hall,  to  preserve  their  pretty  dresses 
from  the  smoke  and  soot. 

It  is  curious  that  the  word  "  chimney  "  originally 
meant  the  whole  fireplace.  The  word  chimney  came 
gradually  to  mean,  instead  of  all  the  fireplace  and  flue, 
the  flue  or  place  for  egress  of  the  smoke,  and  even  at 
times  only  the  upper  part.of  that  passage  as  seen  above 
the  roof. 

Flues  were  built  into  the  walls  of  great  houses;  but 
at  first  people  were  reluctant  to  give  up  the  central 
hearth  and  tried  connecting  the  space  above  it  with 
the  flue  at  the  side,  until  they  discovered  the  charms  of 
the  wall  fireplace,  and  the  chimney  or  hearth  corner. 
Some  of  these  early  fireplaces  and  chimneys  are  beau- 
tiful pieces  of  architecture.  It  was  usual  to  cover  the 
chimney  at  the  top  and  let  the  smoke  out  by  side  open- 
ings there,  after  the  pattern  of  the  "  louvre." 

There     are     interesting     compound     words     in     the 
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language  connected  with  the  chimney :  for  instance, 
"  chimney  bacon  "  which  explains  itself,  and  "  chim- 
ney doctor  '  which  brings  visions  of  inefficient 
chimneys  difficult  to  cure.  Most  important,  though,  is 
"  chimney  money."  For  centuries  there  was  a  tax  on 
the  domestic  fire,  beginning  with  "  smoke  farthings  " 
exacted  before  the  conquest,  and  continuing  as  some 
sort  of  hearth  tax  till  the  end  of  the  seventeenth  cen- 
tury. This  does  not  mean  that  there  was  any  definite 
objection  to  domestic  fires,  but  only  that  each  hearth 
stood  for  some  sort  of  inhabited  house — the  more 
hearths  the  larger  the  house.  In  the  eighteenth  cen- 
tury the  hearth  tax  became  a  window  tax,  and  was 
more  of  an  infliction  than  it  had  been  before,  till  before 
the  middle  of  the  last  century  it  was  converted  into  a 
simple  "  Inhabited  House  Duty." 

The  mention  of  sooty  chimneys  should  always  bring 
to  our  minds  those  hapless  little  waifs,  the  boy  chimney 
sweeps.  Sweeping  chimneys  became  much  more 
arduous  and  difficult  when  coal  was  introduced, 
although  even  in  1582  it  was  ordained  in  Oxford  that 
"  chymneys  should  be  swept  fower  times  everie  year." 

The  smoke  curse  of  to-day. 

We  must  now  consider  the  effects  of  chimneys  on 
ourselves  to-day.  Most  town  dwellers,  to  the  cost  of 
their  health  and  pockets,  are  familiar  with  the  harmful 
effect  of  smoke,  but  few  people  it  is  safe  to  say,  beyond 
those  who  have  taken  the  trouble  to  study  the  subject, 
realise  just  how  great  this  harmful  effect  is. 

First  and  foremost,  our  smoking  chimneys  lessen  by 
the  formation  of  fogs  the  hours  of  sunshine  we  should 
otherwise  enjoy.  Again,  we  have  in  the  air  impurities 
such  as  sulphur  in  abnormal  quantities  which  we  are 
constantly  breathing,  and  which  slowly,  but  neverthe- 


less surely,  affect  the  health  of  practically  all  who  reside 
in  a  smoke-laden  area.  It  is  a  fact  well  known  to  the 
medical  profession  that  the  lungs  of  city  dwellers  vary 
from  grey  to  black  owing  to  this  smoke  and  soot  evil. 
Thirdly,  we  have  the  enormous  waste  of  heat  energy  as 
well  as  of  valuable  residual  products  which  ought  to  be 
obtained  from  the  proper  distillation  of  coal  but  are,  in 
fact,  allowed  to  escape  in  the  smoke  which  passes 
through  the  chimneys  from  coal  fires. 


The  problem  solved  by  gas. 

The  increasing  use  of  gas  (the  purified  essence  of 
coal)  is  doing  much  to  mitigate  the  smoke  nuisance. 
Every  gas  cooker,  gas  fire,  gas  water  heater  or  furnace, 
and  in  fact  any  apparatus  that  displaces  a  coal  con- 
suming one  is  contributing  to  the  work  of  purifying  the 
atmosphere  of  our  cities  and  to  the  welfare  of  the 
nation  at  large.  Moreover,  the  householder  or  manu- 
facturer who  abolishes  solid  fuel  from  his  establishment 
is  not  only  helping  in  the  direction  indicated,  but  is  at 
the  same  time  making  less  work  and  increasing  comfort 
in  the  home  or  the  workshop  as  the  case  may  be,  be- 
cause gas  consuming  appliances  do  away  with  dirt  and 
all  laborious  work. 

Great  strides  have  been  made  in  the  perfection  of  the 
numerous  gas  appliances  that  are  now  available,  and 
their  installation  and  working  costs  are  within  reach 
of  the  pockets  of  all. 

It  is  a  long  cry  from  the  primitive  smoky  fire  in  the 
middle  of  the  dwelling  to  the  radiant  smokeless  gas  fire 
set  into  the  artistic  chimney  places  in  our  walls  to-day. 
The  practical  application  of  gaseous  fuel  in  place  of 
solid  fuel  is  indeed  an  illustration  of  the  triumph  of 
mind  over  matter. 


LESSON  111. 


TOBACCO. 


The  history  of  tobacco  smoking. 

When  Columbus  and  the  other  pioneers  landed  in 
various  parts  of  America,  tobacco  in  some  form  was 
used  from  far  North  to  far  South ;  and  they  were  not 
long  in  discovering  some  reason  in  the  practice.  It 
was  introduced  into  Portugal,  and  the  then  French 
Ambassador  there,  Nicot,  whose  name  has  persisted 
in  Nicotine,  took  it  to  France.  Drake,  Raleigh  and 
Lane,  the  first  governor  of  Virginia,  all  share  the 
responsibilty  of  making  tobacco  popular  in  England. 
In  something  like  twenty  years  smoking  had  become  so 
common  that  when  James  I.  came  to  the  throne  he  found 
it  worth  while  to  issue  a  counterblast  against  it,  and  to 
raise  Elizabeth's  modest  tax  of  2d.  a  Ib.  to  6s.  lOd. 
Nevertheless,  discouragement  had  but  little  effect. 
Foreigners  visiting  England  about  1600  speak  of  men, 
women  and  children  everywhere  having  acquired  the 
smoking  habit.  In  France  it  was  usual  for  congrega- 
tion and  priests  to  smoke  in  church.  Efforts  were  made 
by  authorities  everywhere  to  cure  people  of  the  prac- 
tice. The  Russian  and  Turkish  governments  tried  the 


knout  and  even  severer  punishments  on  sellers  and 
smokers,  but  with  no  success.  Lefebure,  who  was  the 
leading  authority  in  medicine  in  Western  Europe, 
declared  in  1664  that  tobacco  was  a  noble  medicine  for 
both  external  and  internal  use — a  strange  utterance  to 
our  ears  especially  as  it  was  coupled  with  statements  as 
to  the  influence  of  the  stars  on  the  workings  of  the 
herb.  But  he  went  on  to  say  that  the  smoking  of 
tobacco  "  offends  God,  wounds  and  ruins  man's  health, 
and  spoils  families  and  civil  society." 

There  was  something  to  be  said  on  the  other  side. 
Inhaling  vapours,  for  their  effect  on  the  nerves  and 
spirits,  was  a  universal  custom  through  past  ages, 
was  connected  also  with  religious  ceremony  and  sacri- 
fice. The  Sioux  Indians  looked  towards  the  sun  when 
they  smoked,  and  the  devotee  dedicated  the  first  puff  to 
his  deity.  Their  priests  inhaled  smoke  for  the  purpose 
of  seeing  visions. 

When  tobacco  was  introduced  into  Europe  it  became 
the  custom  to  use  it  as  incense,  alone  or  with  the  other 
ingredients.  One  of  the  common  names  for  it  then  was 
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the  Holy  Herb.  On  the  mundane  side  we  should 
remember  that  the  fumes  were  probably  the  only  avail- 
able sort  of  antiseptic  against  infection  and  relief  from 
insects.  We  cannot  really  be  surprised  that  their  use 
was  specially  commended  in  time  of  plague  or  that 
children  were  given  pipes  of  tobacco  to  take  to  school. 

Chewing  was  not  so  usual,  and  the  use  of  snuff  had 
been  adopted  chiefly  in  France.  These  two  methods 
came  from  South  America  rather  than  North.  The  use 
of  tobacco  for  smoking  in  England  grew  to  its  greatest 
extent  between  1700  and  1710,  when  an  amount  was 
imported  yearly  which  was  not  surpassed  till  the  end 
of  the  nineteenth  century,  in  spite  of  the  increase  of 
population.  For,  during  the  eighteenth  century, 
fashion  achieved  quite  suddenly  what  precept  had  failed 
in — almost  abolished  the  smoking  habit  except  in  some 
proportion  of  the  working  classes — and  introduced  in- 
stead the  French  habit  of  snuff-taking.  That  persisted 
quite  a  century. 

In  Thackeray's  time  artists  and  Bohemians  showed 
their  eccentricity  by  adopting  the  working  man's  homely 
pipe  once  again.  The  Duke  of  Wellington  forbade  his 
officers  to  acquire  so  vulgar  a  habit.  But  during  the 
Crimean  war  they  learned  the  charm  of  the  hand-made 
cigarette  from  the  French  and  the  Turks.  Then  cigars 
from  the  West  Indies  began  to  arrive  in  much  greater 
quantity  as  the  difficulties  of  transport  were  overcome, 
and  so  smoking  gradually  became  an  upper  class  habit 
again  with  the  new  Victorian  doctrine  that  it  was  most 
reprehensible  in  women. 

At  first  women  discouraged  the  habit  in  their  men- 
folk very  thoroughly.  The  housewife  naturally  disliked 
"  stale  tobacco  smoke  in  her  curtains,"  and  in  ap- 
pointed houses  the  smokers  were  severely  banished  from 
all  rooms  but  a  "  den."  But  all  conditions  change. 
We  have  better  ventilated  rooms  and  lighter  draperies, 
most  of  them  washable  and  all  of  them  cleanable,  and 
cigarette  smoke  has  but  little  of  the  nauseous  acridity 
of  the  older  fumes.  Making  cigarettes  by  machinery 
instead  of  by  hand  has  caused  them  to  be  used  more 
than  ever,  and  now  it  is  the  non-smoker  rather  than  the 
smoker  who  pathetically  asks  for  consideration.  It  is 
strange  to  look  back  to  1868  when  the  first  smoking 
carriages  on  trains — placed  at  the  end — were  provided, 
after  much  discussion  in  Parliament. 

The  manufacture  of  tobacco. 

The  tobacco  plant  lends  itself  to  the  "  vice  "  of 
smoking  by  growing  in  most  regions  except  the  Arctic 
and  the  Torrid.  In  some  European  countries 
the  State  grows  it.  Every  country  has  found 
it  financially  advantageous  to  control  the  sale  if 
not  the  production  of  tobacco.  Still,  the  "  tobacco- 
plant  "  of  our  gardens  is  of  a  variety  which  yields 
tobacco,  although  the  actual  one  grown  in  Virginia 
and  most  other  places  is  much  taller  and  has  pink 
flowers,  not  white.  The  noticeable  parts  of  the  plant 
for  trade  purposes  are  its  large  leaves  which  make 
tobacco,  and  its  extremely  small  and  numerous  seeds 
which  tend  to  make  it  a  prolific  and  lucrative  crop. 
But  the  actual  manufacture  of  tobacco  entails  a  series  of 
highly  technical  operations  and  special  treatments. 
The  leaves  are  not  only  dried  by  exposure  to  the  rays 
of  the  sun,  by  hot  air,  or  by  other  means — but  a  certain 


form  of  fermentation  has  to  be  induced  in  them,  and  on 
this  process  depends  most  of  the  refinements  of  aroma 
and  appearance. 

In  modern  processes,  in  comparatively  sunless  lands, 
artificial  heat  plays  a  very  important  part  in  the  finish- 
ing stages  of  the  manufacture  of  tobacco  from  the  raw 
material,  the  drying  and  pressing,  toasting  and  condi- 
tioning of  the  tobacco  all  being  effected  by  the  applica- 
tion of  the  heat  obtained,  generally  speaking,  either 
from  steam  or  gas-heated  apparatus,  and  often  by  both 
methods. 

The  extraction  of  the  moisture  and  the  pressing  of 
the  tobacco  necessitates  the  application  of  an  unvarying 
temperature.  The  heat  is  of  course  applied  externally 
to  the  ovens  containing  the  tobacco,  and  these  are  fitted 
with  a  screw  press  working  downwards. 

Gas  in  the  tobacco  industry. 

The  use  of  gas,  whether  providing  the  steam  from 
a  gas-heated  central  boiler  or  for  direct  application  from 
gas  burners,  ensures  a  constant  temperature  without 
the  necessity  of  stoking,  or  fear  of  the  temperature 
dropping  below  the  required  degree  owing  to  the  fire 
having  "  gone  down,"  as  is  often  the  case  where  solid 
fuel  is  used  in  the  furnaces. 

Where  a  gas-heated  central  boiler  is  the  method 
employed  for  obtaining  heat,  the  use  of  the  thermostat 
valve  (a  contrivance  which  automatically  controls  the 
temperature  at  any  pre-determined  degree,  and  which 
cuts  down  the  supply  of  gas  immediately  that  tempera- 
ture is  reached)  reduces  the  gas  consumption  to  a  mini- 
mum and  prevents  waste,  and  what  is  perhaps  more 
important  in  this  case  achieves  a  perfectly  reliable 
result  which  frees  the  producer  from  the  ever-present 
anxiety  of  older  methods. 

With  the  finer  qualities  of  tobacco  and  cigars,  toast- 
ing is  often  resorted  to  for  the  purpose  of  bringing  out 
the  flavours,  and  toasting  tables  with  gas  burners 
underneath  are  used  for  this  purpose.  Here  again  the 
reliability  of  gas  is  of  the  greatest  importance  to  the 
manufacturer. 

It  is  not  perhaps  generally  known  that  tobacco  in  its 
unfinished  state  is  liable  to  be  attacked,  and  thereby 
spoiled,  by  a  fungus,  with  of  course  a  resultant  serious 
loss.  The  experience  of  a  northern  manufacturer  in 
this  connection  is  of  interest.  When  the  factory  was 
lighted  by  electricity  the  fungus  was  a  general  trouble, 
but  upon  gas  lighting  being  later  installed  in  its  place, 
the  trouble  has  been  practically  overcome. 

The  heat  from,  and  the  greater  ventilation  ensured 
by,  the  gas  burners  has  contributed  largely  to  this 
result,  and  the  point  will  be  of  considerable  interest  to 
manufacturers  who  may  experience  a  similar  trouble. 

Nowhere  more  truly  than  in  the  case  of  this  modern 
luxury — some  would  say  necessity — does  West  touch 
East  and  modern  science  perfect  ancient  discovery. 
Assuredly  the  cigar  of  the  connoisseur  of  our  day.  pro- 
duced with  all  the  resources  of  science  and  art  and 
smoked  in  a  cosy  den  or  luxurious  drawing  room,  is  a 
very  different  thing  from  the  primitive  if  fragrant  weed 
of  the  Sioux  Indian  smoked  in  the  primal  forest  and 
wafted  to  the  face  of  his  God.  Yet  if  we  may  believe 
some  of  our  lighter  modern  poetry  and  portraiture, 
many  a  puff  of  smoke  has  been  wafted  by  the  most 
modern  of  men  towards  his  goddess  present  or  absent. 
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CANDLES. 


Though  candles  are  still  very  familiar  objects  to  all 
of  us,  there  is  no  doubt  that  the  glory  of  the  candle 
has  departed.  Perhaps  the  glory  was  always  where  it 
still  lingers — in  the  candlestick.  The  palmy  days  of 
that  homely  but  often  really  beautiful  household  posses- 
sion were  in  the  eighteenth  century,  when  the  "  candle- 
stick maker  "  of  the  nursery  rhyme  was  a  genuine 
craftsman  and  artist. 

The  candle  of  old  times. 

Originally,  candles  were  almost  exclusively  for 
ecclesiastical  use,  and  it  seems  possible  that  this  will 
once  more  be  so  in  the  twentieth  century.  The  first 
candlesticks  made  consisted  essentially  of  a  small  metal 
spike  on  which  the  candle  was  impaled.  There  used 
to  be  only  two  materials  possible  from  which  to  make 
candles — the  aristocratic  beeswax  and  the  vulgar  tallow. 
They  were  made  round  the  wick  either  by  dipping  and 
redipping  (whence  the  name  "  dip  ")  or  by  being 
poured  into  moulds  with  the  wick  in  the  centre.  Flax 
fibre  or  cotton  fibre  formed  the  wick.  Rushlights  were 
made  by  dipping  peeled  rushes  into  tallow  so  that  the 
soft  pith  absorbed  all  it  could ;  they  gave  very  little 
light. 

There  was  most  skill  required  in  making  candles  by 
the  dipping  method  if  they  were  finally  to  be  round  and 
smooth ;  the  household  method  was  to  cast  them  into 
pewter  moulds,  and  most  houses  of  any  pretention  had 
this  done  by  their  own  servants.  In  Miss  Edgeworth's 
"  Early  Lessons  "  there  is  a  charming  account  of 
Frank  being  invited  by  his  mother  to  watch  the  cook 
make  candles;  an  account  in  which  one  marvels  equally 
over  Frank's  intelligent  questions,  the  cook's  exem- 
plary deference  to  him,  and  her  evident  skill  in  manipu- 
lation. It  seemed  a  pleasant  and  even  elegant  occupa- 
tion. And  it  is  worth  noting  that  the  mutton  suet 
which  furnished  the  tallow  was  heated  in  a  double 
saucepan,  with  water  outside  to  prevent  its  over- 
heating. 

Frank  also  goes  to  a  cottage  where  the  peasant 
woman  is  very  dexterous  in  making  rushlights,  but  he 
decides  that  their  own  moulded  candles  are  much  to  be 
preferred. 

Spermaceti  from  the  whale  is  mentioned  by  Frank's 
mother  as  a  somewhat  new  material  for  very  good 
candles.  This  was  in  1798 ;  paraffin  wax  was  not  used 
till  about  1850 ;  but  some  time  before  that  use  was  made 
of  stearin,  a  preparation  from  animal  fats  which  had 
the  advantage  of  great  hardness.  The  two  chief  im- 
provements in  modern  candle-making  have  been  the 
use  of  a  mixture  of  ingredients  such  as  the  above  so  as 
to  combine  their  various  advantages  in  what  are  known 
as  "  composite  "  candles;  and  the  extraction  of  the 
glycerin  which  is  a  natural  constituent  of  most  of  the 
fats  used,  because  the  flame  is  better  when  it  has  been 
removed.  Thus  a  modern  candle-works  are  also  pur- 
veyors of  glycerin  ;  and  during  the  war,  as  we  all  know, 
there  were  uses  other  than  medicinal  to  which  glycerin 
was  applied.  It  may  be  mentioned  in  passing  that 
high  explosives  cannot  be  made  from  mineral  oils  but 
only  from  animal  and  vegetable  fats. 


Paraffin  wax  is  a  mineral  form  of  grease,  while  most 
of  the  fats  used  at  first  were  of  animal  origin.  But 
theie  has  always  been  a  certain  amount  of  vegetable  fat 
used,  chiefly  from  nuts  of  one  kind  and  another.  Night 
lights  are  made  from  a  stearin  prepared  from  coconuts. 

The  names  of  candleberry  and  candlenut  suggest  that 
certain  plants  have  supplied  material  for  candles.  The 
candleberry  is  allied  to  the  myrtle,  and  "  myrtle  wax  " 
has  been  obtained  from  it.  The  candlenut  is  a  sort  of 
spurge  which  grows  in  the  Moluccas ;  its  nut  kernels 
burn  readily  as  they  are.  Besides  the  pith  of  the  rush 
the  leaves  and  stalks  of  the  mullein  plant  have  been 
used  in  England  as  candle  wicks,  whence  the  old  name 
for  the  mullein  of  "  hag-taper." 

In  fact,  as  Miss  Edgeworth's  little  Frank  said  rather 
plaintively  in  1798,  "  Mamma,  what  a  number  of  things 
we  must  know  before  we  can  know  how  any  one  thing 
is  made  and  done." 

Although  the  use  of  candles  for  illumination  purposes 
is  now  limited  to  a  very  great  extent  on  account  of  the 
almost  universal  adoption  of  the  modern  methods  of 
obtaining  light,  the  industry  is  still  a  flourishing  one, 
and  it  would  be  difficult  to  discover  what  is  popularly 
known  as  "  an  oilshop  "  which  did  not  regularly  stock 
candles,  and,  one  might  say  with  equal  truth,  did  not 
serve  a  constant  and  regular  demand  for  them. 

The  modern  manufacture  of  candles. 

As  with  the  manufacture  of  other  articles,  great  im- 
provements have  been  effected  in  the  production  of 
candles,  and  naturally  enough  the  melting  of  the  wax 
forms  the  biggest  and  most  important  item  in  the 
making. 

An  essential  feature  in  the  heating  and  melting  of 
the  wax  is  the  prevention  of  discolouration,  and  when 
one  observes  the  firm  whiteness  of  even  the  halfpenny 
candle  one  can  see  that  great  care  has  to  be  exercised 
to  produce  the  finished  article  in  that  state. 

A  further  important  item  is  the  maintenance  of  a 
constant  and  unvarying  temperature  for  heating  the 
boilers  in  which  the  wax  is  melted. 


The  use  of  gas. 

For  these  reasons  (and  for  others  to  which  reference 
is  made  below)  gas-heated  appliances  are  now  used  in 
the  modern  candle-making  factories.  The  boiler  used 
is  the  water-jacketed  type — a  replica  on  a  gigantic  scale 
of  the  double  saucepan  of  Miss  Edgeworth's  novel 
already  mentioned.  It  consists  of  a  smaller  vessel 
placed  in  a  larger  one,  the  intervening  space  between 
the  two  being  filled  with  water  heated  to  a  suitable 
temperature.  The  method,  which  is  that  used  by 
housekeepers  of  former  days,  serves  the  purposes  of 
preventing  any  actual  contact  of  heat  with  the  boiler 
containing  the  wax  and  any  consequent  burning  and 
discolouration  of  the  wax.  It  is  necessary,  however, 
that  the  water  shall  be  kept  at  a  constant  temperature 
sufficient  to  melt  the  wax  and  no  more,  and  the  hot 
water  is  therefore  supplied  from  a  central  gas-heated 
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boiler  which  will  supply  any  number  of  wax  boilers 
according  to  the  manufacturer's  requirements  and  the 
capacity  of  the  central  boiler. 

The  fact  that  the  heat  from  gas  can  be  regelated  by 
the  turning  of  a  tap  ensures  that  the  right  heat  is 
always  maintained,  and  further  economy  is  ensured  by 
the  use  of  the  thermostat  valve  attached  to  the  boiler. 
This  valve  regulates  the  predetermined  temperature  by 
automatically  shutting  off  the  gas  immediately  the 
water  reaches  that  temperature,  and  the  gas  flame  only 
increases  when  the  water  falls  below  that  temperature. 

Apart  from  the  very  important  saving  of  labour  in 
attending  to  the  hot  water  supply  it  will  be  seen  that 
the  thermostat  valve  reduces  the  gas  consumption  to  a 
minimum. 

In    addition,    the   use    of    gas    means    more    efficient 
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working  and  avoidance  of  the  dirty  work  associated 
with  the  use  of  solid  fuel,  stoking  and  removal  of  ashes 
being  dispensed  with.  Last,  but  by  no  means  least, 
no  space  has  to  be  provided  for  the  storage  of  fuel 
where  gas  is  used.  In  these  days  of  increasing  rents 
this  item  is  of  great  importance. 

In  a  modern  candle  factory  modern  fuel  and  "  ancient 
light  "  do  indeed  meet.  The  processes  employed  to-day 
differ  only  in  bulk  from  the  wonderful  domestic  pro- 
cesses witnessed  by  Miss  Edgeworth's  little  Frank 
whose  name  should  pass  into  history  and  legend  on 
more  counts  than  one ;  apart  from  the  scale  of  opera- 
tions the  great  difference  between  the  modern  factory 
and  the  domestic  factory  of  primitive  and  even  more 
modern  days  is  the  substitution  of  gaseous  for  solid 
fuel,  whether  wood,  charcoal,  or  coal. 


GLASS. 


There  can  be  no  doubt  that  the  first  specimen  of  glass 
was  made  by  accident.  Imagination  can  have  full  scope 
in  picturing  the  incident  by  building  on  the  fact  that  if 
a  very  hot  fire  is  made  on  a  sandy  shore,  by  burning 
either  seaweed  or  wood,  semi-transparent  lumps, 
plastic  when  hot,  may  be  formed  from  the  ashes  and 
sand.  If  chalk  should  be  present  the  lumps  of  glass 
will  have  much  the  same  composition  as  our  common 
glass,  soda,  lime,  silica.  That  is,  if  seaweed  is  used, 
and  supplies  the  soda ;  wood  ashes  would  give  a  potash 
lime  glass,  but  that  is  more  difficult  to  make. 

An  historical  sketch. 

Glass  was  certainly  known  to  the  Egyptians  in 
1400  B.C.  ;  glass  vases  as  well  as  rods  and  beads  being 
found  in  tombs  of  that  date.  They  may,  however, 
have  learned  the  art  from  some  conquering  tribe  and 
not  discovered  it  themselves.  Ancient  glass  was  more 
or  less  green  owing  to  the  iron  present  in  the  sand 
used,  colour  being  given  by  various  metallic  substances 
in  small  quantities.  The  Romans  appreciated  glass  so 
highly  that  in  29  B.C.  Augustus  ordered  part  of  the 
Egyptian  tribute  to  be  paid  in  glass.  Rome  mean- 
while established  the  art  in  Italy,  and  its  traditions 
survived  to  be  the  foundation  of  the  Venetian  glass 
work  of  the  Middle  Ages.  For  a  long  time  Venetian 
glass  was  soda-lime  glass,  famous  throughout  Europe, 
but  the  workers  were  tempted  to  visit  Bohemia, 
renowned  for  its  colourless  glass  and  the  hard  and  less 
fusible  potash  glass  so  essential  in  chemists'  work. 
Bohemia  also  made  the  heavy  "  flint  glass  "  which 
contains  lead  and  is  best  for  cutting.  Since  that  time 
Germany  has  retained  the  pre-eminence  in  making  the 
most  reliable  glass  for  many  useful  purposes. 

The  British  Isles  were  rather  behind-hand  in  the  use 
and  manufacture  of  it,  although  the  Anglo-Saxons 
could  make  it,  and  the  Druids  had  glass  amulets.  A 
manufactory  started  in  Sussex  about  1230  was  the  only 
one  until  in  Tudor  times,  when  several  were  set  up  in 
London.  For  a  long  time  glass  was  only  used  in 
churches  and  was  usually  imported  from  abroad.  In 


1670,  however,  there  began  the  immigration  of  Vene- 
tian glass-workers  to  this  country ;  but  not  until  1870 
did  the  great  change  take  place  in  the  price  of  glass  due 
to  the  invention  of  a  method  for  obtaining  soda  cheaply. 
Soda-lime  glass  is  used  for  ordinary  window  and  plate 
glass,  and  for  common  flasks,  vases,  etc. 

Gieat  Britain  suffered  a  good  deal  in  the  early  years 
of  the  war  owing  to  her  dependence  on  Germany  for 
certain  kinds  of  glass,  especially  optical  glass  and  fire- 
proof lamp  globes.  The  triumph  of  the  British  mathe- 
matician and.  others  over  the  difficulties  involved  is  one 
of  the  scientific  romances  of  the  war. 


Glass  manufacture  at  the  present  time. 

The  process  of  making  a  common  bottle  is  of  interest 
and  is  as  follows.  The  raw  materials  used  are  sand, 
gas  lime,  brick-clay  and  common  salt.  These  are 
placed  in  crucibles  which  are  heated  in  a  suitable  fur- 
nace to  the  desired  temperature.  The  operator  then 
gathers  a  small  quantity  of  the  glass  or  "  metal  "  on 
the  end  of  an  iron  tube ;  he  allows  this  to  cool  a  little 
and  gathers  up  a  further  quantity  sufficient  to  make  a 
bottle.  He  then  rolls  the  "  metal  "  upon  a  stone, 
blowing  through  the  tube  at  the  same  time,  thereby 
forming  a  hollow  space  in  the  centre  of  the  glass.  He 
then  puts  the  "  metal  "  into  a  cast-iron  mould  of  the 
shape  of  the  bottle  wanted  and,  by  continuing  to  blow 
through  the  tube,  brings  it  to  the  desired  shape.  The 
mould  is  divided  into  two  pieces,  wrhich  the  operator, 
by  pressing  a  spring,  opens  or  shuts  with  ease. 

The  bottle  is  then  given  to  a  finisher  who  places  it  in 
a  holder  and  re-heats  the  neck  in  a  furnace  where  the 
heat  is  highly  localised.  As  soon  as  the  neck  is  suffi- 
ciently heated  it  is  withdrawn  from  the  furnace  and 
the  brim  formed  with  a  suitable  tool.  The  bottle  is 
then  annealed  in  another  oven  to  make  it  less  brittle. 
It  passes  from  one  end  to  the  other  of  this  oven,  cooling 
gradually  in  the  process.  The  bottle  is  then  ready  for 
use.  The  oven  in  which  the  neck  of  the  bottle  is 
shaped  is  termed  a  "  glory  hole." 
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Gas-heated  furnaces. 

In  modern  bottle-houses  the  furnaces  are  heated  by 
gas    instead   of  the  old   solid   fuel,    for  the   following 


reasons : — 


1.  With  the  old  type  of  fuel  the  worker  had  to  sit 
very  close  to  the  intense  heat  of  the  furnace ; 
now  he  can  work  under  comfortable  conditions 
away  from  the  main  heat. 


2.  The  temperature  of  the  furnace  is  under  perfect 

control     and    can    be    varied    with    ease    and 
accuracy. 

3.  No  space  is  required  for  storage  of  fuel. 

4.  The  gas  heated   "  glory  hole  "  can  be  quickly 

installed  at  a  very  low  cost. 

5.  The   gas   heated   furnace   is   perfectly   clean    in 

operation. 

Added  to  all  these  advantages,  the  most  important 
of  all  in  favour  of  the  use  of  gas  is  the  fact  that  the 
output  per  man  can  be  so  considerably  increased. 
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SHOES  AND  BOOTS. 


When  men  became  so  far  civilised  as  to  cover  their 
feet,  the  method  of  doing  so  differed  widely  according 
as  they  dwelt  in  hot  or  cold  countries.  Those  who 
lived  in  warm  dry  places  adopted  sandals,  which  could 
be  made  of  various  materials  often  delicate  and 
elaborate,  though  perhaps  they  had  strong  soles.  They 
were  easily  made  into  beautiful  objects ;  but  it  was 
considered  polite  to  take  them  off  indoors.  Their 
removal  showed  respect  to  any  person  or  place,  as  it 
still  does  in  the  East,  i  But  the  Esquimau,  the  ancient 
Briton  and  Norseman,  like  the  American  Indians  of 
the  far  north,  aspired  at  once  to  leather ;  or  rather, 
they  used  cowhide,  or  some  animal  skin  untanned, 
until  they  evolved  the  art  of  converting  skin  into 
leather.  The  rude  shoes  of  ancient  Britons  were  like 
big  purses,  all  in  one  piece,  and  were  tied  up  round 
the  ankles.  Occasionally  they  had  holes  below  to  let 
out  water,  apparently  a  matter  of  more  importance  than 
letting  it  in. 

Mediaeval  footwear. 

But  the  introduction  of  tanned  skins  made  a  great 
difference  in  the  structure  of  shoes.  At  first  they  were 
luxuries,  and  the  common  people  long  used  foot-cover- 
ings of  home-made  woollen  or  hide,  if  they  did  not  go 
barefoot.  Leather  footgear  was  known  as  a  boot  only 
if  it  came  up  the  leg ;  what  we  should  call  a  half-boot 
coming  to  the  ankle  was  considered  a  shoe. 

In  some  phases  of  fashion,  however,  shoes  were  very 
like  sandals,  when  the  upper  part  was  so  much  slashed 
that  little  beyond  straps  remained. 

The  first  definite  vagary  of  fashion  was  the  introduc- 
tion of  the  sharply  pointed  shoe,  as  early  as  William 
Rufus.  This  became  exaggerated  to  an  almost  in- 
credible degree,  even  boots  had  very  long  pointed  toes 
curved  upwards,  and  about  Richard  II. 's  time  the 
curved  point  was  twisted  like  a  horn !  Shoes  often 
measured  two  feet  from  heel  to  toe,  and  when  fixed 
clogs  were  worn  with  them  (to  raise  them  out  of  mud) 
the  clogs  had  still  longer  points.  There  were  many 
caustic  critics  of  this  fashion,  and  not  least  among  them 
the  priests,  who  were  wont  to  say  that  a  holy  man 
had  had  a  vision  of  little  devils  using  the  points  as 
their  chariots,  just  as  they  were  also  to  be  seen  enjoy- 
ing rides  on  ladies'  trains. 

As  so  often  happens  with  fashions,  this  one  came  to 


an  abrupt  end  directly  the  Wars  of  the  Roses  were 
over  and  the  Tudor  epoch  began.  And  again,  as 
usual,  there  was  a  sudden  reversion  to  comfortable 
shoes  with  toes  much  broader  than  the  heels,  and  orna- 
mental slashings  over  the  toes.  The  men  in  Holbein 
portraits  wear  "  sensible  "  shoes  of  this  kind;  and  it 
may  be  surmised  that  men  have  never  again  yielded  so 
much  to  fashion  as  to  find  walking  difficult,  except  that 
the  high  boots  of  Jacobean  times  had  very  elaborate  and 
large  finishings  at  the  top. 

High  heels. 

Women  have  not  been  so  fortunate.  High  heels  had 
come  to  stay  in  Elizabeth's  time,  when  the  shoes  were 
called  "  corked,"  as  the  heel  was  made  of  cork.  Very 
high  ones  were  a  Venetian  fashion,  and  were  known  as 
"  chopines,"  whence  Hamlet's  rallying  of  the  little 
player  girl  for  being  "  nearer  heaven  by  the  altitude 
of  a  chopine." 

More  recent  history. 

In  1629  a  pathetic  pamphlet  was  issued  lamenting 
the  scarcity  of  English  leather,  lauded  by  the  writer  as 
the  great  pride  of  England,  "  so  fit,  so  pliant,  so 
comely — so  lasting,  and  so  contemning  all  sorts  of 
weather — as  much  used  in  peace  as  in  war."  During 
the  Great  War  we  learned  to  appreciate  the  importance 
of  a  good  supply  of  leather.  By  way  of  finding  causes 
for  the  scarcity,  the  pamphlet  urged  for  legislation  to 
prevent  the  exportation  of  leather,  but  chiefly  inveighed 
against  the  wearing  of  great  boots,  which  took  six 
times  as  much  leather  as  shoes,  and  were  adopted 
merely  because  "  gentle."  Another  abuse  of  leather 
was  the  great  increase  of  coaches,  the  first  ones  to  a 
large  extent  were  made  of  leather  with  the  harness 
necessary  for  coach  horses,  all  because  proud  people 
must  have  chariots  instead  of  going  on  horseback. 

The  fashion  of  high  boots  lasted  a  long  period  after 
this,  which  would  have  greatly  saddened  our 
pamphleteer  if  he  had  lived ;  but  perhaps  one  of  his 
abuses  killed  the  other  for  the  prevalence  of  coaches 
and  the  consequent  demand  for  better  roads  certainly 
made  high  riding  boots  less  necessary. 

Charles  II.  was  the  first  person  to  don  elegant  shoes 
with  buckles ;  and  by  Queen  Anne's  time  buckles  had 
entirely  replaced  rosettes.  The  foppery  of  diamond 
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and  other  buckles  was  at  its  height  about  1775,  but  was 
dropped — again  suddenly — at  the  end  of  the  century 
when  everyone  took  to  sober  laces,  and  the  buckle- 
makers  petitioned  the  Prince  of  Wales  to  revive  the 
buckle  fashion  and  save  them  from  starvation. 

In  1790  some  leader  of  fashion  decreed  that  ladies' 
shoes  should  become  low  slippers  almost  without  heels. 
These  may  have  been  comfortable  house  wear,  but  were 
hardly  "  sensible,"  as  they  resulted  in  that  entire  in- 
ability to  take  a  country  walk  or  indeed  to  be  out  in 
wet  weather,  which  characterises  Miss  Austen's  ladies, 
except,  indeed,  Elizabeth  Bennet,  who  shocked  the 
others  by  being  shod  for  wet  weather. 

Gas  in  modern  boot  factories. 

In  the  making  of  our  boots  and  shoes,  gas  plays  an 
important  part,  so  important,  in  fact,  that  it  is  a  matter 
for  wonder  how  these  articles  were  made  before  the 
present-day  appliances  were  available  for  the  use  of  the 
manufacturer. 


Nowadays  not  only  are  gas  engines  largely  used  to 
supply  the  power  for  driving  the  various  machines  in 
boot  and  shoe  factories,  but  gas  in  some  form  or 
another  is  employed  for  a  host  of  processes  which  go 
to  make  the  finished  boot  or  shoe.  Among  these  may 
be  mentioned  the  stiffening,  drying  and  enamelling  of 
toe  caps  and  heels,  heating  irons  for  creasing,  japan- 
ning wooden  heels  on  ladies'  shoes  after  the  polish  has 
been  applied,  ironing  and  treeing,  and  many  other  pro- 
cesses too  numerous  to  ment'ion. 

In  all  these  various  stages  of  the  making  of  the  boot 
or  shoe,  a  reliable  system  of  obtaining  heat,  whenever 
its  service  is  required,  may  be  regarded  as  an  absolute 
essential ;  and  practical  experience  has  demonstrated 
that  gas  best  supplies  these  needs. 

Economy,  too,  is  obviously  of  importance,  and  here 
again  gas  is  best ;  for  the  supply  can  be  regulated  by 
the  simple  process  of  turning  a  tap  and  the  appliance 
put  out  of  action  immediately  it  is  no  longer  required, 
and  so  all  waste  of  fuel  is  avoided. 
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SHIPS. 


The  earliest  and  most  elementary  form  of  vessel  was 
the  raft.  The  first  efforts  to  obtain  a  floating  vessel 
depending  on  something  other  than  the  mere  buoyancy 
of  the  material  used  are  seen  in  tree  trunks  hollowed 
out  by  means  of  tools  or  fire.  From  this  type  of  ship 
primitive  man  progressed  to  canoes  of  bark  or  of  skins 
stretched  on  a  framework ;  boats  of  pieces  of  wood 
stitched  together  with  vegetable  fibres ;  vessels  of 
planks  stitched  or  bolted  together  with  inserted  ribs  and 
decks ;  and,  lastly,  vessels  of  which  the  framework  is 
first  made  and  the  hull  planks  nailed  on  subsequently. 

All  these  primitive  inventions  have  survived  in  more 
or  less  modified  forms ;  local  conditions  determining  the 
details  of  construction.  For  instance,  on  the  north- 
west coast  of  Australia  a  single  log  of  buoyant  wood, 
not  hollowed  out  but  pointed  at  the  ends,  is  found  in 
use.  In  New  Guinea  and  the  Madras  Coast,  cata- 
marans of  three  or  more  logs  lashed  together  are  used. 
Near  Peru  can  be  seen  rafts  of  very  buoyant  wood, 
some  of  them  as  much  as  70  feet  long  and  20  feet 
broad,  and  navigated  by  means  of  a  sail.  Sometimes 
the  sea-going  raft  is  fitted  with  a  platform  so  as  to  pro- 
tect the  goods  and  people  from  the  wash  of  the  waves. 

The  construction  of  the  bark  canoe  is  a  step  forward, 
for  the  lightness  of  the  material  made  an  internal  frame- 
work essential,  in  order  to  keep  the  sides  apart  and 
make  the  boat  stiff  for  propelling  and  carrying  pur- 
poses. In  this  framework  we  have  the  elementary  ship 
with  bottom  timbers,  ribs  and  cross  pieces. 

Bark  canoes  are  found  in  Australia,  but  the  American 
Continent  is  their  true  place  of  origin.  In  northern 
regions  bark  is"  replaced  by  skins  that  have  been  ren- 
dered water-tight. 

The  next  advance  in  ship-building  was  made  by 
stitching  or  tying  planks  together  with  cords ;  of  this 
type  the  most  familiar  is  the  Madras  surf  boat,  which  is 


also  found  on  the  Victoria  Nyanza,  in  the  Malay  Archi- 
pelago, and  in  many  of  the  Pacific  Islands 

The  stitched  type  of  boat  was  followed  by  one  in 
which  the  materials  of  the  hull  were  fastened  together 
with  pegs.  Vessels  of  this  description  may  be  seen 
among  the  Polynesian  Islands,  and  correspond  to  the 
Nile  boats  described  by  Herodotus. 

In  tracing  primitive  efforts  at  ship-building  we  arrive 
ultimately  at  a  stage  where  the  transition  to  modern 
methods  became  a  comparatively  simple  one.  The  keel 
of  a  modern  vessel  is  the  descendant  of  the  single  log, 
which  was  also  the  ancestor  of  the  dug-out.  The  side 
planking  of  the  vessel  arises  out  of  early  attempts  to 
"  fence  in  "  sea-going  rafts.  The  prototype  of  the 
ribs  of  the  modern  ship  is  the  framework  inserted  into 
the  hull  of  the  early  canoe;  though  to-day  the  ribs  arc- 
made  first. 

It  is  an  interesting  point  that  the  use  of  the  out- 
rigger and  weather  platform  has  never  penetrated  into 
the  Western  Seas,  though  distributed  throughout  the 
South  Pacific  eastward  from  the  Andaman  Islands.  It 
is  strange  that  the  Egyptians  in  their  wanderings  round 
the  coasts  of  Arabia  and  down  the  Red  Sea  should  not 
have  introduced  such  vessels  to  the  Nile;  or  that  the 
Phoenicians,  who  from  all  accounts  would  have  had 
opportunities  of  studying  it,  did  not  employ  them  on 
the  Mediterranean.  It  may  be  presumed,  therefore, 
that  even  in  those  early  days  these  nations  possessed  a 
boat  capable  of  greater  speed  and  carrying  power  than 
the  outrigger  canoe. 

The  earliest  illustrations  that  we  possess  of  Egyptian 
vessels  date  back  to  nearly  3000  B.C.  Some  of  these 
ships  must  have  been  of  considerable  size ;  for  the 
number  of  rowers  was  great,  and  cargoes  of  cattle 
were  apparently  often  carried.  These  early  vessels  had 
masts — shown  lowered  in  some  pictures — and  about  20 
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to  26  rowers  a-side,  while  four  or  five  men  were 
engaged  with  steering.  Both  bow  and  stern  curve  up 
and  over  the  end  in  representations  of  some  bird,  beast, 
or  an  Egyptian  god.  On  the  war  galleys  may  be  seen 
projecting  bows  with  metal  heads  which  were  perhaps 
a  form  of  ram.  The  Egyptian  vessel  of  these  times  is 
the  first  known  "  ship  "  as  distinct  from  rafts  and 
canoes. 

The  development  of  ship-building  and  navigation  be- 
longs to  the  Phoenicians.  Our  knowledge  of  the 
Phoenician  vessels  is  taken  from  the  designs  on  the 
Assyrian  palaces,  presumably  placed  there  after  the 
conquest  of  Phoenicia  by  the  Assyrians  soon  after 
900  B.C.  These  vessels  are  war  galleys  with  the  upper 
deck  of  rowers  unprotected  and  visible. 

Though  it  is  likely  that  the  Phoenicians  invented  the 
trireme,  it  is  from  the  Greeks  that  we  get  our  informa- 
tion in  any  detail.  The  Greek  vessels  had  an  unpro- 
tected upper  deck,  and  carried  from  50  to  120  men,  all 
of  whom  rowed  except  the  chiefs.  That  the  sterns  and 
stems  were  high  and  curved  and  the  ships  were  swift 
and  sharp  is  the  information  we  gather  from  the  poets 
and  historians  of  the  day.  The  boats  of  this  time  are 
on  a  parallel  in  the  history  of  Mediterranean  shipping 
with  the  Vikings'  vessels  of  the  North  Sea. 

The  Corinthian  shipwrights  improved  on  the  trireme 
by  strengthening  the  bows  and  building  much  larger 
ships. 

The  Romans  did  not  develop  their  sea-power  until  the 
first  Punic  War,  having  learned  the  art  from  their 
Carthaginian  enemies.  A  story  is  told  of  how  they 
copied  a  ship  that  drifted  ashore,  taught  crews  to  row 
on  trestles  on  dry  land,,  and  sent  out  a  fleet  which  was 
built  in  60  days  from  the  time  the  trees  were  cut  down. 
During  the  Punic  Wars  the  boarding  tactics  of  the 
Romans  gave  them  victory.  Big  ships  continued  to  be 
used  until  the  victory  of  the  light  Liburnian  galleys  at 
Actium ;  after  which  they  fell  into  disuse  and  the  art  of 
building  them  was  lost. 

We  now  come  to  a  large  break  in  our  history  of  ship- 
building— the  transition  from  the  Roman  war  vessel  to 
the  mediaeval  sailing  ship  being  a  matter  of  conjecture 
only. 

The  sailing  vessels  of  the  early  Roman  Empire  such 
as  that  in  which  St.  Paul  was  wrecked,  were  the  direct 
ancestors  of  the  mediaeval  merchant  vessels  and  the 
sailing  men-of-war  which  came  into  being  after  the  in- 
vention of  gunpowder.  We  do  know,  however,  that  in 
the  third  century  Ricemer  defeated  the  Vandals  in  a 
sea  fight,  and  that  the  Byzantine  Emperors  had  fleets ; 
for  in  the  ninth  century  the  Emperor  Leo  gave  orders 
that  his  fleet  was  to  be  prepared.  His  ships  "  must  not 


be  too  heavy  or  too  light  to  be  armed  with  syphons  for 
projecting  Greek  fire  and  to  have  two  banks  of  oars 
with  25  rowers  a-side."  Also  he  gave  orders  for  some 
light  and  swift  galleys  to  be  built. 

It  is  not  until  the  twelfth  century  that  we  get  any 
details  of  the  construction  of  the  mediaeval  vessel. 
Then  we  find  that  the  ships  have  one  bank  of  oars  only, 
and  that  the  long  oar  took  the  place  of  the  ancient  light 
paddle.  In  order  to  get  the  power  required  to  wield 
these  oars  the  system  was  adopted  of  placing  several 
men  to  an  oar,  and  of  fixing  to  the  hull  of  the  vessel  a 
framework  which  stood  out  on  either  side  and  sup- 
ported the  oars;  this  rendered  practicable  a  greater 
length  of  oar  in  board  than  would  be  possible  were 
the  thole  in  the  ship's  side. 

From  -his  point  onwards  the  art  of  ship-building  im- 
proved, and  the  real  craftsman,  by  making  small  altera- 
tions to  his  vessel  in  the  kind  of  timber  used,  her  shape 
and  her  rig,  brought  the  sailing  vessel  to  its  highest 
point  of  perfection. 

With  the  introduction  of  steam  all  this  was  changed. 
The  old  forms  and  proportions  were  of  no  use  for  the 
propulsion  by  paddle  or,  later  on,  the  screw;  experience 
had  to  be  slowly  gained  anew.  Further  changes  from 
wood  to  iron  and  then  to  steel  almost  dispossessed  the 
shipwright ;  to-day  a  ship  may  be  said  to  be  built  so  far 
as  the  external  portion  goes  by  boiler  makers  and 
draughtsmen.  We  also  see  how  this  has  altered  the 
ship-building  centres  of  the  world,  from  the  Thames, 
Nice  and  Genoa,  to  such  rivers  as  the  Tyne  and  Clyde — 
most  suited  to  the  purpose  on  account  of  the  con- 
venience and  proximity  of  coal  and  iron  fields. 

There  is  hardly  a  process  connected  with  the  building 
of  a  modern  ship  that  does  not  entail  heat-treatment. 
More  especially  we  may  mention  the  making  of  rivets ; 
thousands  are  used  in  the  construction  of  one  vessel. 
The  process  seems  a  very  simple  one,  but  in  reality  pre- 
sents many  difficulties.  It  is  not  possible  here  to  go 
into  details,  but  it  may  be  mentioned  that  time  and 
money  are  continually  lost  owing  to  the  rivets  being 
"  oxidised  "  or  "  burnt."  This  means  that  hundreds 
of  rivets  are  wasted  and  often  even  have  to  be  extracted 
after  being  fixed — a  costly  and  difficult  business  that 
involves  a  great  expenditure  of  labour.  Experience  has 
shown  that  an  easily  regulated,  steady,  non-oxidising 
heat  is  the  first  main  point  to  be  considered.  Experience 
from  America  and  from  certain  shipyards  in  this  country 
has  shown  that  gas  is  the  most  serviceable  fuel  for  the 
heating  processes  required,  i.e.,  making  rivets,  spikes 
and  bars,  and  also  for  plate  bending.  It  has  been  found 
by  firms  using  gas  that  the  cost  in  fuel  and  labour  is 
greatly  reduced  when  gas  is  used  instead  of  crude  oil 
or  coke. 
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PART    IV. 

DOMESTIC  ECONOMY  SERIES. 


NOTE. 

The  following  are  a  few  specimen  lessons  prepared 
either  for  elementary  domestic  economy  classes,  for  the 
advanced  scholars  in  elementary  schools  or  for  preparatory 
domestic  economy  classes  in  secondary  schools. 

It  is  hoped  that  incidentally  they  may  be  of  assistance 
to  teachers  in  making  use  of  the  other  series  of  lessons  in 
the  book. 


K 


PART  IV.— LESSON  116. 

INTRODUCTORY  LESSON :   THE  ALL-GAS  HOUSE. 


Aim. 

To  show  the  economy  in  time  and  labour  effected  by 
using  modern  appliances  in  the  home ;  to  point  out  how 
necessary  it  is  for  new  houses  to  be  constructed  in  such 
a  way  that  gas  installations  may  form  a  part  of  the 
permanent  equipment ;  and  to  set  before  the  children  the 
ideal  of  the  "  city  beautiful." 


Method. 

The  lesson  throughout  will  be  mainly  of  a  descriptive 
nature.  If  the  teacher  can  obtain  pictures  of  the  in- 
terior of  a  gas-heated  house  these  will  help  greatly  in 
impressing  the  lesson  on  the  minds  of  the  children. 


themselves:  "  What  would  happen  if  someone  came 
along  and  wanted  to  burn  gas  instead  of  coal?  Why, 
we  should  have  to  start  building  special  flues  for  a  gas 
fire."  So  they  make  up  their  minds  to  build  their 
houses  so  that  people  who  want  to  have  gas  fires  and 
gas  cookers  and  gas  coppers — things  which  all  wise 
people  will  want — can  have  them  straight  away. 

(c)  The  teacher  then  describes  some  of  the  lamentable 
conditions  obtaining  in  many  cottage  homes  and 
touches  on  the  results  of  such  deficiencies,  namely, 
disease  and  disorder.  She  then  turns  the  attention  of 
the  class  to  a  certain  Garden  City  near  London — a 
"  garden  "  city  because  it  is  so  clean  and  sweet  and 
wholesome — where  all  the  cooking  and  heating  is  done 
by  gas,  and  where,  as  a  result,  the  homes  are  models  of 
cleanliness. 


Introduction. 

First,  the  teacher  should  explain  to  the  children  that 
thousands  of  women — possibly  their  own  mothers 
among  them — have  to  waste  a,  lot  of  time  and  do  a  lot 
of  unnecessary  work  because  many  houses  are  badly 
constructed.  The  younger  children  particularly  will 
enjoy  describing  their  own  kitchens,  and  the  teacher,  by 
judicious  comments,  will  soon  be  able  to  show  them 
where  saving  in  time  and  labour  might  be  effected.  This 
will  induce  an  alert  attitude  in  the  minds  of  the  children, 
who  will  soon  begin  to  offer  spontaneous  criticisms. 
Such  an  introduction  as  this  should  enable  the  teacher 
to  find  a  point  of  contact  with  her  class. 


Step  I. :  Economy  in  the  home. 

(a)  Teachers   should   insist   on   the  true   meaning   of 
"  economy."     It  is  no  economy  to  save  a  penny  to-day 
at  the  expense  of  a  pound  to-morrow.      (Example :   A 
saving    on     warm    clothes  to-day   may  mean   a  heavy 
doctor's  bill  in  three  months'  time).     True  economy  can 
be     practised   in   the   home  because   no  evil  can   come 
through  averting  waste  of  time  and  energy.     The  class 
has  already  seen  that  in  almost  every  household  some 
portion  of  the  work  might  be  done  with  less  expendi- 
ture of  time  and  energy. 

(b)  The    children    know    from    their    own    experience 
how  wasteful  it  is  to  make  a  thing  to  answer  one  pur- 
pose and  then  to  try  to  adapt  it  to  another.     (Teacher 
should  give  one  or  two  concrete  examples,   or,  better 
still,    should   encourage   the   class   to   supply   her   with 
such.)     Builders,  too,  have  come  to  the  conclusion  that 
it  is  very  wasteful  to  build  a  house  only  to  find  that  you 
might  have  built  it  better.     They  see  how  short-sighted 
it  is  to  construct  a  kitchen  fireplace  in  such  a  way  that 
coal,   and  only  coal,  can  be  burned  there.      They   ask 


Step  II.  :  Gas  appliances. 

Teacher  gives  little  vivid  descriptions  of  the  various 
appliances — not  exhaustive  descriptions,  as  each  one 
will  be  dealt  with  separately  during  the  course  of  lessons 
— but  treated  in  such  a  way  as  to  grip  the  imagination 
of  the  children.  The  principal  appliances  are — 

(a)  The  gas  cooker — mother's  stand-by. 

(b)  The  modern  gas  fire — the  servant's  boon. 

(c)  The  gas-heated  wash  copper — the  charwoman's 

friend. 

(d)  The  gas   water  heater — baby's   ally. 
Teacher  should  also  refer  quite  briefly  to  the  gas-fired 

boiler,  which  may  be  used  in  larger  houses,  serving  the 
circulating  system  to  every  tap  in  the  building.  Men- 
tion should  also  be  made  of  the  gas-fired  incinerator,  by 
means  of  which  rubbish  can  be  destroyed  instan- 
taneously. 


Step  III.  :  Preservation  of  by-products,  con- 
servation of  coal  and  avoidance  of  the  smoke 
nuisance. 

These  are  three  of  the  direct  results  of  using  gas. 
Each  point  will  be  considered  in  detail  at  a  later  stage, 
but  it  will  be  well  for  the  teacher  to  refer  briefly  to  the 
facts  so  that  the  class  may  see  that  the  word  "  gas  " 
has  a  wider  and  deeper  significance  than  they  can  have 
realised. 


Conclusion. 

Teacher  should  draw  an  attractive  word-picture  of  a 
land  beautified  by  the  disuse  of  crude  coal  and  the  use 
of  gas — a  land  of  clean  cities,  each  one  as  beautiful  as  a 
garden. 
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PART  IV. -LESSON  117. 


THE  GAS  COOKER. 


Aim. 

To  point  out  to  the  children  the  "  social  service  " 
rendered  by  the  gas  cooker. 

Preparation  for  lesson. 

Children  should  be  asked  to  study  the  gas  cookers  in 
their  own  homes  so  that  they  are  familiar  with  its  con- 
struction, etc.  As  the  lessons  suggested  in  the  present 
series  have  a  definitely  social  bias  the  teacher  will  not 
wish  to  spend  too  much  time  describing  the  apparatus 
whose  value  she  is  explaining. 

A  picture  ol  a  gas  cooker  and  a  descriptive  diagram 
might  be  hung  up  in  the  class-room  a  few  days  before 
the  lesson  is  given.  These  will  arouse  the  interest  and 
curiosity  of  the  class  and  will  help  to  familiarise  those 
whose  houses  do  not  possess  gas  appliances,  with  the 
appearance  of  the  piece  of  apparatus  about  which  the 
teacher  is  talking. 

Introduction. 

Teacher  refers  to  the  previous  lesson  on  the  All-Gas 
House.  If  the  lesson  was  a  successful  one  the  class 
will  have  done  a  certain  amount  of  individual  investiga- 
tion and  will  be  anxious  to  communicate  results.  A 
brief  talk  about  the  appearance  of  the  gas  cooker  will 
follow  naturally.  Teacher  should  so  direct  the  discus- 
sion that  the  children  will  realise  how  the  defects  in 
their  own  homes  not  only  contribute  to  their  own  dis- 
comfort but  also  add  to  the  imperfection  of  the  social 
system  as  a  whole. 

Example. 

The  working  man  and  the  business  man  demand  an 
eight-hour  day  because  they  realise  the  truth  of  the  old 
adage,  "  All  work  and  no  play  makes  Jack  a  dull  boy." 
The  fathers  of  the  nation  know  that  to  be  well  and 
happy  a  worker  must  have  a  certain  proportion  of 
leisure.  But  a  nation  cannot  be  healthy  and  happy  if 
one  section  only,  the  wage-earning  section,  insists  on 
this  provision  of  leisure.  If  the  mothers  and  wives 
work  from  morning  until  night  without  pausing  for 
recreation ;  if  they  clean,  cook,  wash,  and  sew  for 
eighteen  hours  out  of  twenty-four,  the  nation  will  be  a 
neurotic  and  unhealthy  one,  for  the  mothers  are  the 
source  of  the  nation's  greatest  wealth,  and  if  the 
mothers  are  tired  and  overworked,  the  children  will  be 
delicate  and  lacking  in  vitality.  But  how  is  this  ideal 
to  be  brought  about — the  ideal  of  a  nation  in  which 
every  individual  has  leisure  for  recreation  and  relaxa- 
tion? 

(NOTE — An  introduction  of  this  type  will  present  the 
matter  as  a  problem  for  the  teacher  and  class  to  solve 
between  them.  Space  forbids  anything  other  than  an 
indication  of  the  main  lines  upon  which  the  teacher 
should  direct  the  talk,  but  the  experienced  teacher 
knows  that  there  is  very  little  value  in  such  a  lesson  if 
it  resolves  itself  into  a  stream  of  information.) 

Step  I. 

The  world  at  present  contains  certain  peoples  in  what 
appears  to  us  to  be  a  very  advanced  stage  of  civilisation 
and  other  peoples  whose  habits  of  life  are  primitive  in 


the  extreme.     Those  who  are  still  living  in  a   savage 
state  do  so — 

(a)  Partly   because   they    had   no  desire    to  better 

their  conditions; 

(b)  Partly  because  they  have  had  no  experience  of 

better  conditions  ; 

(c)  Partly    because    the    opportunity    of    bettering 

their  conditions  has  not  been  given  to  them. 
In  just  the  same  way  there  are  people  in  England  whose 
mode  of  life  is  almost  as  primitive  as  that  of  the 
savages,  and  for  very  much  the  same  reasons — lack  of 
experience  and  lack  of  opportunity.  As  soon  as  people 
want  a  thing  sufficiently  they  set  about  trying  to  get  it. 
As  soon  as  people  want  gas  appliances  they  try  to  get 
them.  The  point  is  to  get  everyone  to  want  the  right 
things. 

Step  II. 

But  why  do  we  refer  to  gas  appliances  as  "  the 
right  things  "?  Let  us  consider  the  advantages  of  the 
gas  cooker,  for  instance,  and  we  shall  soon  realise  what' 
a  pleasant  world  it  would  be  from  the  domestic  point  of 
view  if  every  kitchen  were  provided  with  a  gas  cooker. 

(a)  Cleanliness. — Gas   creates   no   dirt — there    is 
no    need    for    coal-carrying,  cinder-sifting,  black- 
leading.     All  the  worries  attendant  upon  cooking 
with  coal  are  eliminated. 

(b)  Convenience. — The   gas   cooker    is   an    ever- 
ready  servant.     The  housewife  merely  turns  a  tap 
and  the  cooking  can  begin.     She  need  not  be  in 
constant  attendance  making  up  the  fire,  regulating 
dampers,  etc.,  but  can  very  often  leave  the  dishes 
to  look  after  themselves. 

(c)  Comfort. — The  kitchen  is  kept  cool  in  sum- 
mer,  and  in  winter  the  heat  can  be  regulated.     The 
cook  is  not  subjected  to  fierce  flames  from  the  fire, 
nor  is  her   skin  coarsened  by  contact   with   over- 
powering heat. 

(d)  Efficiency. — A  coal  range  cannot  be  so  con- 
trolled that  different  portions  may  be  kept  at  vary- 
ing   temperatures,    whereas    this    result    can    be 
achieved  in  the  gas  cooker,  because  each  burner  is 
controlled  by  a  separate  tap. 

Conclusion. 

Now  we  begin  to  see  how  it  is  that  a  gas  cooker  is 
one  of  "  the  right  things,"  the  need  of  which  people 
should  be  made  to  feel.  It  saves  time,  work  and  worry. 
It  helps  the  mother  of  a  family  to  keep  healthy  because 
it  enables  her  to  spare  time  for  recreation,  and  saves  her 
from  many  minor  anxieties.  In  the  "  city  beautiful,1' 
in  which  we  all  hope  to  live  one  day,  the  gas  cooker  will 
be  one  of  the  most  valued  of  public  servants. 

BUT — we  must  remember  to  take  proper  care  of  our 
"  public  servant."  Although  we  have  no  wages  to  pay 
we  have  other  liabilities.  We  must  keep  the  cooker 
clean,  and  we  must  see  that  the  burners  do  not  get 
choked  up.  Otherwise  we  shall  probably  find  ourselves 
blaming  the  gas  supply  when  we  should  be  blaming  our 
own  carelessness.  If  we  are  sufficiently  practical  to 
take  note  of  these  practical  points  we  shall  find  that  the 
service  will  be  of  the  best. 
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PART  IV.— LESSON  118. 


THE  GAS  FIRE. 


Aim. 

To  point  out  to  the  children  the  social  service  ren- 
dered by  the  gas  fire. 

Preparation  for  lesson. 

As  in  the  lesson  on  the  gas  cooker  it  will  be  well  for 
the  teacher  to  hang  up  in  the  class-room  a  picture  of  a 
gas  fire  and  also  a  descriptive  diagram.  These  should 
appear  some  days  before  the  lesson  is  given.  This  will 
prevent  the  class  from  feeling  that  the  teacher  is  talking 
"  in  the  air." 

Introduction. 

Teacher  refers  to  the  climate  of  the  British  Isles, 
where  the  cold  winters  and  the  often  chilly  summers 
make  it  necessary  for  people  to  provide  themselves  with 
artificial  heat.  Although  we  sometimes  feel  envious  of 
those  who  live  in  more  genial  regions,  we  should  prob- 
ably miss  the  sociability  of  our  own  firesides  very  con- 
siderably were  we  suddenly  to  find  that  they  might  be 
dispensed  with.  We  all  enjoy  a  cosy  chat  round  the 
fire  in  the  twilight.  In  our  memories  of  childhood  fairy 
tales  and  firelight  are  strangely  interwoven. 

Step  I. 

We  shall  find  as  we  talk  more  about  gas  appliances 
that  each  one  contributes  something  to  the  comfort, 
pleasure  and  well-being  of  our  lives.  That  is  why  we 
speak  of  the  gas  cooker  arid  the  gas  fire  as  rendering 
social  service.  We  can  all  in  our  small  way  render 
social  service  by  endeavouring  to  make  our  little  part 
of  the  world  more  pleasurable  to  those  who  share  it 
with  us. 

Although  fires  are  so  enjoyable  they  are  nevertheless 
a  continual  problem.  Coal  fires  are  anti-social  because 
they  create  work.  Work  often  produces  worry,  and 
when  people  are  worried  they  cannot  give  to  the  com- 
munity the  best  that  is  in  them.  On  the  other  hand, 
gas  fires  are  clean,  convenient,  healthy,  and  economical. 

Step  II. 

Children  will  be  more  likely  to  appreciate  these  quali- 
ties if  they  are  illustrated  storywise.  Contrast  Mrs. 
Brown,  who  has  a  gas  fire  in  her  sitting-room,  with 
Mrs.  Smith,  who  has  not.  Mrs.  Smith  has  to  get  up 
very  early  in  the  morning  to  clean  up  her  grate  and 
light  the  fire  so  that  the  room  is  warm  by  breakfast 
time.  In  addition  to  this  she  has  to  chop  the  wood  to 
make  the  fire,  and  carry  the  coal  with  which  to  keep  it 
alight.  While  she  is  cleaning  up  the  grate  she  cannot 
prevent  the  dust  from  flying  about  the  room.  It  settles 
on  the  clean  curtains.  It  settles  on  Mrs.  Smith  herself, 
who,  when  breakfast  time  arrives,  looks  far  from  fresh. 
Mrs.  Brown,  on  the  other  hand,  has  a  gas  fire  in  her 
sitting-room.  She  has  no  need  to  get  up  early.  There 
is  no  grate  to  clean  up ;  she  has  no  coal  to  carry  and  no 
sticks  to  chop.  She  just  puts  a  match  to  her  gas  fire 
ten  minutes  before  breakfast  time,  and  when  breakfast 
is  ready  the  room  is  warm  and  cosy.  No  coal  dust 
settles  on  her  clean  curtains  nor  upon  her  own  person. 
Now  see  how  different  is  the  subsequent  history  of  these 
two  women  on  any  average  day.  By  breakfast  time 
Mrs.  Brown  is  well  forward  with  her  work.  After 
breakfast  she  has  less  cleaning  to  do  than  Mrs.  Smith, 
and  on  washing  days  she  has  far  fewer  dirty  aprons  and 
dirty  curtains  in  the  wash.  She  finds  that  usually  she 
can  have  her  afternoons  to  herself.  She  goes  for  a 


walk,  or  spends  an  hour  or  two  with  a  book.  This 
keeps  her  bright  and  cheerful,  and  makes  her  a  pleasant 
companion.  But  Mrs.  Smith  spends  all  her  time  trying 
to  keep  up  with  her  work.  She  is  behindhand  at  dinner 
time,  and  she  is  still  behindhand  at  the  end  of  the  day. 
She  has  no  time  for  recreation,  with  the  result  that  by 
the  evening  she  is  tired  and  dispirited,  and  takes  no 
pleasure  in  the  society  of  her  husband  and  children. 
Perhaps  the  Mrs.  Smith  we  are  talking  about  has  never 
had  the  chance  of  using  a  gas  fire.  But  you  have  been 
more  fortunate.  You  have  been  shown  the  advantages 
of  a  gas  fire.  There  will  be  no  excuse  for  you  if,  when 
you  have  a  house  of  your  own,  you  turn  into  a  Mrs. 
Smith  instead  of  a  Mrs.  Brown. 

Step  III. 

There  are  very  many  other  advantages  connected 
with  gas  fires.  Supposing,  for  instance,  that  a  girl  or 
boy  learns  the  piano.  How  cold  it  is  to  go  into  the 
drawing-room  on  winter  evenings  to  practise !  Very 
few  mothers  care  to  have  the  trouble  and  expense  of 
lighting  a  coal  fire  for  an  hour  or  an  hour  and  a  half. 
But  suppose  there  were  a  gas  fire  handy?  The  fire 
could  be  lighted  at  the  beginning  of  practising-time  and 
turned  out  at  the  end.  There  would  be  no  numbed 
fingers  and  no  cold  noses. 

Again,  supposing  that  somebody  in  the  house  is  ill 
and  the  doctor  says  that  a  fire  must  be  kept  up  day  and 
night.  How  troublesome  it  is  for  the  nurse  constantly 
to  be  mending  the  fire,  and  how  disturbing  for  the 

patient.  But  if  there  were  a  gas  fire  handy 

(Children  themselves  will  be  able  to  point  out  the 
advantages). 

Then,  again,  if  you  have  a  baby  brother  or  sister 
you  will  know  that  babies  must  be  kept  warm.  It  is 
dangerous  to  carry  a  baby  from  a  very  warm  room  to 
a  very  cold  one.  But  if  mother  has  a  fire  in  her  bed- 
room she  can  soon  make  it  warm  and  cosy  for  baby  to 
go  to  bed. 

NOTE — There  has  been  some  prejudice  against  gas 
fires  because  people  have  thought  them  unhealthy. 
Teacher  should  impress  on  children  the  fact  that  they 
are  perfectly  healthy,  in  proof  of  which  they  should  be 
told  that  a  very  large  percentage  of  West  End  doctors 
have  gas  fires  installed  in  their  waiting  rooms.  It 
should,  however,  be  impressed  on  them  very  strongly 
that  gas  fires  must  be  fixed  by  qualified  persons  and  not 
by  amateurs. 

Conclusion  : 

Teacher  reminds  children  of  the  "  city  beautiful  "  to 
which  she  turned  their  attention  in  the  first  lesson.  A 
city  beautiful  must  be  built  of  beautiful  houses,  beau- 
tiful in  the  sense  of  being  cleanly,  wholesome,  and 
economical  of  labour.  Already  we  have  fitted  a  gas 
cooker  in  the  kitchen,  and  done  away  with  much  work 
and  more  worry ;  we  have  installed  gas  fires  in  the 
living  rooms  and  in  some  of  the  bedrooms,  and  thus  we 
have  dispensed  with  more  work  and  still  more  worry. 
Even  if  we  builded  no  further  in  our  imagination  we 
should  have  given  the  mothers  in  our  city  the  means  by 
which  they  could  take  rest  and  recreation.  But  we 
have  not  finished  yet.  There  are  at  hand  other  willing 
servants  whose  names  have  barely  been  mentioned. 
Look  around  your  own  homes  and  see  if  you  can  dis- 
cover what  they  are ! 
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PART  IV.— LESSON  119. 


THE    GAS    WATER-HEATER. 


Aim. 

To  point  out  to  the  children  the  social  service  ren- 
dered by  the  g"as  water-heater. 


Preparation  for  lesson. 

Teacher  should  secure  pictures  of  various  types  of 
gas  water-heaters.  These  should  be  hung-  up  in  the  • 
class-room  a  few  days  before  the  lesson  is  given,  but 
in  addition  to  this  teacher  will  find  them  useful  for 
illustrating-  various  points  while  lesson  is  actually 
proceeding. 

Introduction. 

Teacher  reminds  children  that  in  the  ideal  house, 
which  they  are  in  imagination  fitting  up  with  gas 
appliances,  provision  has  already  been  made  for  cooking 
the  food  and  heating  the  rooms.  It  is  now  time  to  con- 
sider a  very  important  question — that  of  providing  hot 
water. 

Step  I. 

(a)  The  Uses  of  Hot  Water. — A  gfeat  deal  of  disease 
is  due  to  lack  of  cleanliness,   and  no  one  can  keep  a 
house  clean  unless  she  has  a  good  supply  of  hot  water 
at  her  disposal.     Neither  can  people  keep  healthy  unless 
they  attend  to  their  own  personal  cleanliness.     For  this 
purpose,  again,  hot  water  is  much  in  demand. 

(b)  Out-of-date  Methods  of  Procuring  Hot  Water. — 
In  the  old  days  every  drop  of  hot  water  used  for  clean- 
ing purposes  had  to  be  boiled  in  a  kettle  or  large  sauce- 
pan.    Later,  in  most  town  houses,  a  boiler  was  attached 
to  the  kitchen  .range,  and  by  means  of  the  coal  fire  the 
water  in  the  boiler  was  heated  and  provided  hot  water 
in  the  bath-room  and  scullery.     Many  of  these  boilers 
were  very  badly  constructed.     The  water  took  a  long 
time  to  get   hot,   much  coal  was  used,   and  while  the 
heating  process  was  going  forward  the  coal  range  oven 
could   not   be   used.        In   country   districts   even   these 
arrangements  were  neglected.     All  this  was  very  un- 
satisfactory,  causing-  delay  and   dislocation  of  work — 
things  neither  of  which  can  be  tolerated   in  a   "  City 
Beautiful." 

Step  II. :  Types  of  water-heaters. 

Now  we  introduce  the  third  of  our  public  servants — 
the  g-as  water-heater.  These  are  of  many  different 
types,  but  can  be  classified  broadly  under  two  main 
heads. 

(a)  The  Geyser. — This  is  an  "  instantaneous  "  heater 
(pictures  should  be  shown).  It  is  very  simple  to  work; 
but  owing-  to  the  differences  between  the  various  types, 
it  is  not  possible  to  give  precise  instructions  for  their 
use.  What  is  true  of  one  design  may  be  untrue  of 
another.  Special  instructions — always  extremely 


simple — are,  however,  supplied  with  every  geyser  of 
whatever  make;  and  the  only  important  thing  to  re- 
member is  that  these  instructions  should  always  be  care- 
fully carried  out.  (Some  further  information  will  be 
found  in  Lesson  55). 

(b)  The  Storage  Variety  of  Boiler. — This  is  used  for 
heating  the  water  in  the  circulating  system  pipes  all 
over  the  house  so  that  hot  water  can  be  drawn  off  at 
any  tap. 

Step  III. :  Qualities  of   the  gas  water-heaters. 

(a)  Comfort   with    Convenience. — Hot   water   can  be 
drawn  off  at  any  hour  of  the  day  or  night.     This  is  valu- 
able,  particularly     in    cases    of    illness,   or    when    the 
weathe,r   is  changeable  and  a  hot  bath  is  required  to 
combat   the   effects  of   a   wetting.     No  extra   work  is 
entailed. 

(b)  Efficiency  with  Economy. — There  is  no  need  for 
the  g-as  to  burn  for  a  moment  longer  than  is  necessary 
for  the  water  to  get  hot.     We  have  seen  that  in  water 
heaters  of  the  "  geyser  "  type  the  gas  can  be  turned 
out  as  soon  as  the  requisite  amount  of  water  has  been 
d'rawn.     In  the  storage  boiler  there  is  an  arrangement 
by  which,  as  soon  as  the  water  has  reached  a  certain 
temperature,   the  gas  is  automatically   lowered.     This 
device  is  known  as  a  "  thermostat." 

Step    IV. :     Summary   of    advantages    of    a    gas 
water-heater. 

(a)  It  can  supply  hot  water  in  any  quantity  at  any 

time. 

(b)  It  saves  all  laborious  work  in  the  kitchen. 

(c)  It  entails  no  effort  on  the  part  of  the  user  and 

gives  no  one  any  trouble. 

(d)  It   simplifies   the  work  of  the  house. 

(e)  It  is  a  boon  in  sickness. 

NOTE — Each  one  of  the  foregoing  points  can  be  exem- 
plified by  the  teacher  in  an  interesting  way.  The  sports 
girl  comes  in  from  a  game  of  golf  or  hockey  and  finds 
that  she  can  have  a  hot  bath  at  once.  It  is  a  baby's 
bath  time,  and  his  tub  can  be  prepared  for  him  with 
hardly  any  trouble.  Concrete  examples  of  this  type  will 
be  sure  to  interest  children. 

Conclusion. 

Teacher  reminds  class  that  one  more  feature  has  been 
added  to  the  houses  in  the  "  city  beautiful."  Hot  water 
for  baths  or  cleaning  purposes  will  always  be  ready 
when  required,  and  this  will  be  effected  without  giving 
any  extra  work  to  anyone.  Time  will  be  saved  on  every 
process  in  the  All-Gas  House  in  cooking,  heating  rooms 
and  heating  water.  There  is  still  one  more  public  ser- 
vant to  be  introduced  to  the  class,  a  servant  who  is  less 
well  known  than  the  gas  cooker  and  the  gas  fire,  but 
whose  services  are  equally  valuable. 
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PART   IV. -LESSON    120. 


THE    REFUSE    DESTRUCTOR. 


Aim  of  lesson. 

To  point  out  to  children  the  social  service  rendered  by 
the  refuse  destructor. 

Preparation  for  lesson. 

As  in  the  previous  lessons  it  will  be  well  for  teacher 
to  hang  up  in  the  class-room  pictures  of  refuse 
destructors,  as  well  as  descriptive  diagrams,  a  few  days 
before  the  lesson  is  actually  given. 

Introduction. 

If  the  previous  lessons  have  been  successful  the 
children  will  be  keenly  interested  in  the  building  of  the 
"  city  beautiful,"  and  will  readily  grasp  the  idea  that 
all  the  appliances  which  help  to  beautify  the  houses  in 
this  city  form  part  of  a  preventive  system.  The  gas 
cooker  prevents  waste  of  time  and  labour ;  the  gas 
fire  prevents  dirt;  the  gas  water  heater  prevents  ill- 
health.  Teacher  is  now  ready  to  introduce  to  the  class 
the  refuse  destructor. 

What  does  the  refuse  destructor  prevent? 

Step    I.  :    Ineffective   methods    of    disposing    of 
refuse. 

It  will  be  well  to  remind  the  class  of  the  tremendous 
strides  which  have  been  made  in  England  during  the 
last  century  with  regard  to  the  destruction  of  house- 
hold refuse.  A  peep  into  a  mediaeval  town  will  empha- 
sise the  contrast  between  to-day  and  yesterday :  no 
drainage  system — rubbish  thrown  into  the  streets — 
terrifying  scourges  sweeping  town  and  countryside. 
To-day  even  in  our  big  cities  the  roads  are  compara- 
tively clean,  but  still  very  much  remains  to  be  done. 
There  are  other  countries  which  are  far  more  behind- 
hand than  England  in  this  respect.  The  world  has  yet 
to  learn  that  the  secret  of  health  is  cleanliness.  (Teacher 
can  show  how  dirt  invariably  breeds  disease.) 

Other  things  which  perhaps  we  think  are  quite  inno- 
cent, breed  disease.  We  are  all  familiar  with  the  zinc 
dust-bins  which  have  a  place  somewhere  in  nearly 
everyone's  garden.  These  are  usually  only  emptied 
once  a  week:  what  is  the  result?  However  much  dis- 
infectant we  may  use  we  cannot  keep  our  dust-bins 
wholly  sweet-smelling  in  the  summer  months.  The 
refuse  putrifies  and  becomes  a  breeding  ground  for  flies. 
Besides  this,  if  the  garden  is  a  small  one,  the  dust-bin 
often  makes  it  quite  unfit  for  use.  It  is  impossible  to 
enjoy  the  fresh  air  and  the  sunshine  when  one  is  in  close 
proximity  to  a  dust-bin. 

Some  people,  if  they  have  a  sufficient  amount  of 
space,  take  the  alternative  of  burying  their  refuse,  but 
this  has  an  equally  unhappy  result,  for  the  spot  soon 
becomes  a  noisome  bed  of  maggots. 


Step  II.  :  The  modern  method. 

The  only  healthy  method  of  getting  rid  of  rubbish  is 
to  burn  it.  Fire  is  the  great  purifier  and  cleanser.  But 
in  our  All-Gas  House  how  are  we  going  to  destroy  by 
fire  such  things  as  potato  peelings,  fish  bones,  or  even  a 
few  tea  leaves?  The  gas  fire  and  the  gas  cooker  are 
useless  for  such  a  purpose. 

'  The  people  who  designed  the  gas  fire  and  the  gas 
cooker  were  wise  enough  to  see  that  some  provision 
must  be  made  for  getting  rid  of  refuse,  because  anyone 
who  is  sufficiently  enlightened  to  wish  to  have  gas 
appliances  installed  in  his  house  will  not  follow  the  old- 
fashioned  method  of  leaving  refuse  to  putrify  in  a  dust- 
bin. There  are  two  modern  ways  in  which  people  can 
destroy  refuse: — 

(a)  By  means  of  the  small  coke  stove.     This  will 
heat  water  either  for  household  use  or  radiators  for 
warming  passages  and  hall,  or  serve  both  purposes. 
They  will  burn  refuse  of  any  kind,  instantaneously 
reducing  it  to  cleanly  ashes. 

(b)  By    means     of     the     gas  -  fired     incinerator 
("  Incinerator  "  is  an  American  term).     This  is  a 
specially  constructed  gas-heated  refuse  destructor, 
and  is  made  in  various  sizes  and  designs  to  suit 
all  types  of  houses.     All  kinds  of  rubbish  can  be 
put    into   this    apparatus    and    will    be    thoroughly 
charred  to  a  fine  ash  a  few  minutes  after  the  turn- 
ing on  of  the  gas. 

Notice  how  cleanly  a  process  either  of  these  is.  No 
sooner  has  the  housewife  collected  a  basketful  of  rub- 
bish than  she  carries  it  either  to  the  coke  stove  or  to 
the  incinerator  and  burns  it  to  ashes.  The  garden  is 
kept  wholesome  and  sweet-smelling,  and  flies  get  no 
kind  of  encouragement. 


Conclusion. 

The  class  will  be  able  to  explain  what  it  is  that  the 
refuse  destructor  prevents — the  spread  of  disease. 
Teacher  points  out  that  they  have  now  built  up  a  great 
preventive  system  within  the  house.  With  a  gas  fire 
and  a  refuse  destructor  in  the  kitchen  everything  is 
clean,  sweet  and  wholesome — and  how  very  little  trouble 
the  cooking  gives!  Gas  fires  in  the  living  rooms  and 
in  the  bedrooms,  and  a  gas  water-heater  in  the  bath- 
rooms, reduce  work  to  a  minimum.  The  mother  of  the 
family  has  time  and  to  spare.  Although  everything 
within  the  house  is  spotlessly  clean  she  can  take  rest 
and  recreation.  But  if  every  house  is  so  bright  and 
shining,  how  beautiful  the  city  as  a  whole  must  look ! 
The  lesson  should  conclude  on  an  expectant  note,  e.g.-, 
"  Next  week  let  us  step  outside  our  All-Gas  House  and 
look  around  the  beautiful  city  which  we  have  built  to- 
gether." 
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PART  IV. -LESSON  121. 


SMOKE  ABATEMENT. 


Aim  of  lesson. 

To  show  that  the  social  service  rendered  by  gas 
appliances  within  the  home  re-acts  also  on  conditions 
outside  the  home,  and  lo  point  out  to  the  children  how 
much  city-dwellers  lose  of  sunshine  and  pure  air 
through  burning  crude  coal  in  their  grates. 

Introduction. 

In  this  lesson  the  teacher  will  act  in  the  capacity  of 
guide  to  the  children  and  will  lead  them  through  the 
streets  of  their  "city  beautiful,"  pointing  out  to  them 
the  items  of  interest.  If  the  teacher  is  skilful  in  her 
method  of  narration  the  children  will  enter  into  the 
make-believe  with  unaffected  zest,  and  though  for  the 
time  the  whole  matter  may  only  seem  to  them  to  par- 
take of  the  nature  of  a  very  delightful  story,  all 
unknowingly  their  minds  will  receive  the  impress  of  an 
ideal. 

Some  striking  features  of  the  *'  City  Beautiful." 

At  last  we  are  ready  to  step  out  of  our  bright  and 
shining  house — our  All-Gas  House — into  the  streets  of 
the  city.  It  is  quite  early  in  the  day  because,  with  the 
help  of  our  gas  cooker  and  our  gas  fires,  our  house- 
work is  soon  done.  Let  us  look  around  us  and  see  if 
there  is  any  difference  between  this  city  of  our  dreams 
and  the  city  in  which  we  have  always  lived  in  reality. 
Immediately  we  notice  something  that  fills  us  with  sur- 
prise. The  streets,  instead  of  being  narrow  and  dirty, 
are  broad  and  white,  and  shining.  But,  stranger  than 
this,  the  out  sides  of  the  buildings  are  quite  clean.  The 
houses  and  the  shops  are  not  begrimed,  as  ours  are. 
They  are  just  as  unsoiled  as  when  they  were  first  built. 

Then  look  at  the  gardens.  They  are  full  of  flowers — 
flowers  with  beautiful  shining  petals  on  which  the  dew 
is  still  lying.  How  is  it  that  such  fresh  flowers  can 
grow  in  a  city?  City  flowers  are  always  stunted  in 
growth,  while  their  petals  are  never  free  from  smuts. 
But  here  the  flowers,  like  the  buildings,  are  quite  clean. 

We  will  walk  on  the  shady  side  of  the  road,  as  the 
sun  is  rather  warm.  What  deep  shadows  the  trees  cast 
on  us,  and  what  splendid  trees  they  are !  They  are  tall 
and  strong,  and  their  leaves  are  fresh  and  green.  What 
a  strange  sight — a  city  in  which  all  the  streets  are  lined 
with  beautiful  trees. 

Now  we  come  to  a  broad  green  space  on  which 
clothes  are  hanging  out  to  dry.  This  is  one  of  the  com- 
munal drying-grounds.  These  are  so  allotted  that 
every  citizen  has  a  right  to  dry  his  clothes  in  the  open 
air.  Let  us  tip-toe  up  to  one  of  the  clothes-lines  and 
look  at  the  newly  washed  clothes.  They  are  as  white 
as  snow ;  not  a  single  smut  has  fallen  on  the  clean  linen. 
Can  it  be  that  there  are  no  smuts  in  this  beautiful  city? 

"  Ah!  "  you  say,  "  but  in  the  autumn  there  must  be 
smuts.  Fogs  always  make  things  so  frightfully  dirty." 

Very  well,  let  us  stop  this  good-natured  looking  man 
and  ask  him  what  happens  to  the  clean  clothes  when  the 
foggy  days  come. 

'  Fog?  "  he  asks,  looking  surprised.  "  Oh,  I  see, 
you  haven't  lived  here  long.  We  don't  have  any  fogs 
in  this  part  of  the  world." 


"  Not  in  the  autumn?  "  we  ask  incredulously. 

"  Oh,  no,  never!  "  says  the  man.  "  A  little  mist  off 
the  river  sometimes,  but  that's  more  like  a  gossamer 
veil  than  a  mist.  Slightest  breeze  blows  it  away." 

You  can  hardly  believe  it,  and  you  beg  the  good- 
natured  man  to  explain. 

"  Well,"  he  says,  "  you  want  to  know  how  it  is  that 
everything  is  so  clean?  First  let  me  ask  you  a  ques- 
tion. How  many  times  have  you  seen  crude  coal  burn- 
ing in  the  grates  ?  How  much  crude  coal  do  you  use  ? ' 

"  None  at  all,"  you  answer.  "  We  do  everything 
by  gas." 

"  Well,"  says  the  man  triumphantly,  "  that's  why 
everything  is  so  clean.  When  people  burn  crude  coal 
in  their  fireplaces,  smuts  and  blacks  pour  into  the  air. 
You  may  think  that  this  only  happens  with  factory 
chimneys,  but  let  me  tell  that  half  the  impurities  in  the 
atmosphere  are  caused  by  '  domestic  chimneys.'  Of 
course,  the  blacks  settle  everywhere.  They  begrime  the 
houses  and  they  stunt  the  flowers.  You  can't  grow  real 
flowers  in  cities  of  the  old  type.  But  look  at  our  streets 
and  flowers.  Beautiful,  aren't  they?  You  noticed  the 
clothes  hanging  on  the  drying-ground.  They  are  quite 
clean  because  the  air  is  quite  clean.  Then,  as  to  fogs, 
fogs  are  mostly  due  to  the  smoke  coming  into  contact 
with  certain  atmospheric  conditions.  We  have  no 
smoke  so  we  have  no  fogs.  I  used  to  think  myself  that 
fogs  were  sent  by  providence,  but,  thank  goodness,  I'm 
wiser  than  I  was !  " 

We  thank  the  man — who  is  evidently  as  good-natured 
as  he  looks — and  continue  on  our  voyage  of  discovery. 
Among  other  things  we  notice  there  are  a  great  many 
people  abroad,  and  the  babies — of  which  there  seem  to 
be  a  great  number — are  the  healthiest,  happiest-looking 
babies  in  the  world.  Then  we  suddenly  remember  our 
All-Gas  House,  and  what  the  man  said  about  smoke, 
and  we  realise  why  it  is  that  there  are  so  many  people 
about.  With  the  help  of  gas  appliances  their  work  is 
soon  done,  and  they  are  able  to  get  out  into  the  open 
air  and  to  enjoy  the  sunshine ;  and  all  of  them — particu- 
larly the  babies — are  so  healthy  and  happy-looking 
because  they  are  healthy  and  happy.  They  are  breath- 
ing the  pure  air  instead  of  the  smoke-laden,  germ-laden 
air  of  the  old  cities.  They  don't  know  what  it  feels  like 
to  inhale  air  which  is  thick  with  fog. 

Conclusion. 

How  many  people  would  choose  to  live  in  the  old 
city  were  they  given  the  opportunity  of  living  in  the 
new? 

Teacher  impresses  on  children  the  fact  that  the  choice 
lies  with  the  citizens  themselves.  The  "  city  beautiful  " 
of  our  dreams  will  materialise  as  soon  as  people  really 
wish  it  to  materialise.  All  the  varied  and  valuable 
qualities  of  gas  are  at  their  disposal.  They  can  build 
bright  and  wholesome  houses  and  bright  and  wholesome 
streets,  from  which  coal  in  its  crude  form  has  been 
banished  for  ever.  They  can  make  a  world  fit  for 
children  to  live  in  if  they  will  let  the  many  gas 
appliances  render  to  the  full  the  great  social  service  of 
which  they  are  capable. 
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CONCLUSION. 


Thus  we  bring  to  an  end  a  fairly  comprehensive,  if  rapid, 
survey  of  the  many  uses  to  which  gas  can  be  put. 

And  it  must  never  be  forgotten  that  quite  apart  from  its 
intrinsic  merits  in  any  given  individual  application,  the  use  of 
gas  for  any  and  every  purpose  is  very  definitely  a  national 
advantage  from  all  points  of  view. 

It  is  economical  in  the  broadest  sense,  because  it  gets  the 
best  value  out  of  our  greatest  national  asset — our  coal  -  by 
using  it  to  the  best  scientific  advantage,  instead  of  squandering 
it  by  reckless  burning. 

It  is  hygienic  because  its  use  kills  the  smoke  menace 
which  impairs  the  health  of  men,  animals,  and  vegetation  by 
cutting  off  the  sunlight  and  all  its  curative  properties. 

A  still  more  general  use  of  it  would  prevent  the  rapid 
deterioration  and  destruction  of  our  historic  buildings  by 
smoke  acids  and  would  save  all  the  money  spent  in  artificial 
illumination  and  extra  laundering  which  "  smoke  fog "  alone 
renders  necessary. 

The  saving  in  labour  and  human  energy  that  its  appli- 
cation to  domestic  uses  brings  is  incalculable. 

In  a  word  it  is  not  untrue  to  say  that  the  use  of  gas  plays 
a  definite  and  valuable  part  in  promoting  the  civil  ideal  of 
healthier  and  happier  citizens  in  cleaner  and  more  beautiful 
cities. 
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APPENDIX  A. 


REPORT    OF    A    LECTURE 


ENTITLED 


ORIGIN  AND  HISTORY  OF  ARTIFICIAL  LIGHTING  AND  HEATING, 


DELIVERED    BY 


E.    LOVETT,    Esq. 


(Of  the  Folk-Lore  Society), 
AT  THE  NATIONAL  "CENTENARY"  GAS  CONGRESS  AND  EXHIBITION  IN   1913. 


Mr.  Lovett  said  that  it  would  be  difficult  for  any- 
body walking  through  the  Exhibition  and  observing 
the  enormous  quantity  of  material  illustrating  the 
development  of  artificial  lighting  to  imagine  that  there 
was  a  time  when  our  ancestors  had  no  means  of 
lighting  their  dark  hours,  when  they  had  not  learned 
that  "  the  best  way  to  lengthen  the  day  is  to  steal  a 
few  hours  from  the  night."  He  was  of  opinion  that, 
like  all  other  discoveries,  the  discovery  of  keeping  a 
fire  continually  alight  was  really  the  result  of  an 
accident.  He  believed  that  the  primitive  Stone  Age 
people,  living  in  caves,  had  their  fire.  They  would 
naturally  take  from  that  fire  a  piece  of  stick,  which 
was  possibly  more  or  less  sodden  with  fat  from  the 
animals  they  were  burning — burning  being  the  earliest 
form  of  cooking — and  this  combination  of  fat  and  stick 
would  be  stuck  into  the  side  of  the  cave,  either  in  a 
crack  or  by  means  of.  a  lump  of  clay,  as  a  torch.  That 
probably  formed  the  first  light ;  then  they  possibly  found 
that,  supposing  they  were  cooking  an  animal,  the  fat 
would  run  into  a  little  hole  in  the  ground,  and  then, 
by  means  of  a  small  piece  of  moss,  they  could  burn  this 
as  a  flame.  It  was  a  well-known  fact  that  the 
Esquimaux  had  a  lamp  made  of  stone  in  which  they 
burned  seal  oil,  the  wick  being  a  piece  of  moss  soaked 
in  the  oil. 

The  first  part  of  Mr.  Lovett's  lecture  dealt  with  the 
most  primitive  form  and  the  later  types  of  lamp,  and  the 
second  part  with  the  candle,  which  after  all  was  simply 
a  solid  oil  lamp.  A  lamp  was  a  thing  which  held  a 
liquid  oil  in  which  a  wick  was  burned,  and  a  candle 
was  simply  the  same  wick  embedded  in  an  oil  which  was 
solid.  Explaining  the  necessity  for  a  wick,  Mr.  Lovett 
said  that  if  a  match  were  thrown  into  a  bucketful  of 
paraffin  it  would  not  burn.  Neither  would  oil  or  fat 
in  a  solid  state  burn  unless,  of  course,  the  heat  was 
sufficiently  high  to  burn  it  completely.  What  the  wick 
did  was  to  draw  small  particles  of  oil  up  into  it  which, 
uniting  with  the  oxygen  in  the  air,  provided  the  light 
when  the  match  was  applied,  in  just  the  same  way  that 
explosions  in  flour  mills  and  coal  mines  were  caused  by 
the  mingling  of  small  particles  of  inflammable  material 
with  the  oxygen  in  the  air. 

Mr.  Lovett  then  referred  to  a  type  of  lamp  which  it 
was  the  custom  to  bury  with  a  body — the  idea  being  that 
it  would  light  the  spirit  in  the  future  world — and  which 
was  simply  a  large  block  of  stone  with  a  hole  in  the 
centre,  and  with  a  place  for  the  wick.  Those  lamps 


were  used  about  two  thousand  years  ago,  possibly  more. 
The  most  primitive  form  of  lamp  in  the  world  was 
what  the  Scots  called  a  buckie  shell.  It  was  used  in 
Shetland  by  fishermen,  and  was  suspended  by  a  string 
and  filled  with  common  whale  oil.  A  peculiar  thing 
about  this  lamp  was  that  if  the  wick  were  supplied 
with  too  much  oil  it  went  out,  and  if  supplied  with 
too  little  it  burned  out.  To  supply  the  lamp  with  just 
enough  one  had — to  use  a  bull — to  give  it  a  little  too 
much.  The  result  was  that  there  was  always  oil  over- 
flowing down  the  outside  of  the  lamp,  and  consequently 
dripping  on  to  the  floor.  Another  shell,  used  about  150 
years  ago  by  the  Indians  of  North  America,  had  also 
a  natural  channel  at  the  end,  which  held  the  wick. 
It  was  much  longer  than  the  buckie  shell,  and  was 
used  suspended  by  a  string,  or  placed  on  a  lump  of 
clay  as  a  stand.  Several  examples  of  the  crusie  type 
of  lamp  from  various  parts  of  the  world,  but  particularly 
from  Scotland,  were  shown.  The  crusies  in  Scotland 
were  made  by  blacksmiths,  and  were  hammered  out 
into  a  piece  of  whinstone  rock.  All  these  early  lamps 
were  very  artistic,  although  they  did  not  give  much 
light,  and  no  two  seemed  to  have  been  made  alike. 

The  first  instance  of  a  vertical  wick  was  supplied  by 
a  lamp  from  Switzerland.  In  the  early  lamps  the  wick 
was  horizontal,  then  at  an  angle  of  45  degrees,  and  at 
last  vertical.  When  the  vertical  wick  came  in  there 
was  a  curious  adaptation  of  it  in  Holland.  Twenty-five 
years  ago  he  found  in  Holland  a  lamp  which  had 
attached  to  it  something  like  an  old  wrought-iron 
candle-stick.  Curiouslv  enough,  that  same  idea  was 
patented  in  London  quite  recently,  although  it  was  be- 
lieved to  have  existed  in  Holland  for  nearly  two  hundred 
years. 

Mr.  Lovett  next  came  to  the  paraffin  lamp  with  a 
duplex  burner.  The  great  revolution  in  lamp  lighting 
was  brought  about  by  a  Frenchman  named  Argand, 
who  found  that  by  putting  a  glass  funnel  over  a  flame 
he  produced  a  current  of  air  in  such  a  way  as  to  bring 
about  almost  complete  combustion  of  the  oil.  The 
result  of  the  invention  was  that  lamps  did  not  smoke, 
and  a  much  better  and  clearer  light  was  given. 

Dealing  with  earlv  fire,  the  lecturer  said  it  was  a 
curious  fact  that  there  was  not  a  single  reference  in  the 
Bible  that  would  throw  any  light  on  how  fire  was  made. 
The  references  to  fire  in  the  Bible  were  very  numerous, 
but  not  the  remotest  idea  was  given  as  to  how  it  was 
made.  Probably  fire  was  seldom  made,  and  when  made 
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it  was  kept  permanently  alight  and  carried  from  one 
person  to  another.  The  fires  of  our  ancestors  were  quite 
different  from  ours;  in  fact  there  was  quite  a  religious 
ceremony  connected  with  them.  The  lecturer  em- 
phasised the  fact  that  although  the  tinder  box  was  used 
to  make  fire,  if  people  could  possibly  avoid  using  it  they 
did  so.  It  was  difficult  to  use,  unreliable  and  not  always 
ready,  and  it  was  due  to  those  considerations  that  fire 
became  permanent.  He  believed  there  were  some  farms 
in  England  where  the  fire  had  not  been  out  for  fifty 
years.  As  a  rule,  if  a  fire  did  go  out  in  a  farm  house 
or  in  an  ordinary  household  people  would  not  take  the 
trouble  to  relight  it  themselves,  but  would  look  down 
the  street  of  the  village  to  see  if  anybody  had  smoke 
coming  out  which  would  indicate  a  fire,  and  would  go 
and  ask  for  some  of  it.  A  phrase  in  the  Book  of  Isaiah 
indicated  that  was  the  practice  in  his  day.  "  And  he 
shall  break  it  as  the  breaking  of  the  potter's  vessel  that 
is  broken  in  pieces ;  he  shall  not  spare ;  so  that  there 
shall  not  be  found  in  the  bursting  of  it  a  sherd  to  take 
fire  from  the  hearth  or  to  take  water  withal  out  of  the 
pit." 

Giving  a  few  notes  on  primitive  cooking,  Mr.  Lovett 
said  the  method  of  cooking  adopted  in  the  Stone  Age 
was  to  make  a  hole  in  the  ground  and  line  it  with  clay, 
fill  it  with  water  and,  making  some  stones  very  hot  in 
a  fire,  put  the  stones  in  the  water  with  the  meat  to 
be  cooked.  All  over  the  world  there  had  been  portable 
stoves  for  cooking  or  warming.  To  keep  their  hands 
warm  in  church  the  old  ladies  of  Holland  until  quite 
recently  carried  with  them  to  hold!  on  their  laps  a 
shallow  brass  box  holding  charcoal.  One  of  the  most 
primitive  portable  stoves  were  the  Kangris  from  Jelum, 
Cashmere,  in  Northern  India.  They  were  made  entirely 
of  dry  mud.  The  front  part  was  open.  The  food  to 
be  cooked  was  placed  on  top,  and  the  owners  blew 
through  a  little  tube  on  to  the  charcoal  in  order  to 
get  heat. 


Mr.  Lovett  told  of  a  primitive  form  of  lighting  inr 
Shetland  used  by  the  early  fishermen  of  the  Islands  to 
give  a  kind  of  dim  light,  from  which  they  could  mend 
their  nets  by  night.  When  young  petrels  were  ready  to 
fly,  the  natives  got  them  out  of  the  nest  and  killed 
them.  The  birds  were  so  fat  with  the  fish  upon  which 
they  were  fed  and  so  soaked  with  oil  from  their  fish  diet 
that  the  natives  dried  them  and  put  a  piece  of  string 
through  them.  One  end  of  the  bird  was  rammed  into 
a  lump  of  clay  and  the  other  end,  when  lighted,  owing 
to  the  oil  in  the  bird,  burned  much  after  the  style  of  a 
candle.  Rush  dips  were  much  in  use  at  one  time. 
Country  people  used  to  collect  the  rushes,  and  taking 
part  of  the  peel  off  would  pass  the  rushes  backwards 
and  forwards  through  mutton  fat.  These  were  clipped 
and  lighted  at  one  end.  They  burned  very  rapidly.  The 
old  rush  light  that  Dickens  referred  to  had  a  perforated 
sheet-iron  guard.  Our  great-grandfathers  were  so  much 
afraid  of  fire  that  they  stood  the  rush-dipped  candle 
in  a  socket  surrounded  with  water.  It  could  be 
imagined  how  in  the  night  in  a  sick  room  the  walls 
were  illuminated  in  the  manner  so  picturesquely  de- 
scribed by  Dickens.  In  Scotland  the  rush  clip  for 
holding  a  piece  of  resinous  pine  was  called  a  "  puir 
mon."  The  nafrie  originated  in  the  custom  of  giving 
the  "  puir  mon  "  (poor  man)  or  tramp  on  the  road, 
board  and  lodging  at  a  farm  house  in  return  for  such 
menial  work  as  drawing  water  and  chopping  wood,  and 
at  night  holding  in  his  hand  the  pine-split  to  enable  the 
farmer  and  his  wife  to  see  to  do  their  work.  In  course 
of  time  these  old  men  became  regularly 'employed  until 
this  clip  was  invented  to  take  their  place. 

In  conclusion,  Mr.  Lovett  emphasised  the  import- 
ance, from  an  educational  point  of  view,  of  having  in 
this  country  a  museum  in  which  to  preserve  examples 
of  ancient  methods  of  heating  and  lighting. 

IN.B. — Mr.  Lovett  has  since  presented  his  magnifi- 
cent collection  to  the  public.] 
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APPENDIX  B. 


REPORT    OF    A    LECTURE 


ENTITLED 


METHODS  OF  FIRE  MAKING :  ANCIENT  AND  MODERN, 


DELIVERED   BY 


MILLER  CHRISTY,   F.L.S., 


AT  THE  NATIONAL  "CENTENARY"  GAS  CONGRESS  AND  EXHIBITION  IN  OCTOBER,  1913. 


Mr.  Miller  Christy  said  he  could  imagine  some 
people  thinking  that  this  was  a  silly  subject  to 
lecture  about,  because  we  had  only  to  take  a 
box  of  matches  and  the  thing  was  done.  That 
was  quite  true,  but  it  was  not  all  that  need  be  said. 
In  the  first  place,  had  it  occurred  to  anyone  that  within 
the  lifetime  of  some  of  us  even  the  wealth  of  a  Rocke- 
feller would  not  suffice  to  purchase  one  single  box  of 
matches,  when  such  a  thing  did  not  exist?  Let  us  go 
further  back  still,  and  imagine  something  which, 
although  in  the  highest  degree  improbable  to-day,  was 
nevertheless  easily  conceivable.  He  would  ask  his 
audience  to  suppose,  from  some  cause,  that  all  light, 
domestic  fires,  factory  furnaces,  candles,  lamps,  pipes, 
cigars,  tobacco,  and  worst  of  all,  all  gas  burners,  had 
been  put  out  and  there  was  no  such  thing  as  a  match. 
How  could  we  get  enough  light  to  light  the  gas  burner 
or  a  stove?  There  were  no  doubt  at  present  chemists 
and  others  who  would  be  able  not  only  to  tell  us  how 
to  do  it  but  actually  to  do  it,  but  he  did  not  think  he 
would  be  depreciating  the  knowledge  and  intelligence 
of  his  audience  if  he  conjectured  that  practically  none 
of  them  could  say  how  it  was  done,  and  fewer  still  could 
do  it.  Yet  these  circumstances  were  precisely  those 
in  which  primitive  man  found  himself  in  the  earliest 
days,  and  he  had  to  find  means  of  getting  fire  some- 
how. The  success  which  had  been  obtained  in  doing  so 
had  been  described,  very  fitly,  as  one  of  man's  earliest 
and  greatest  achievements.  Fire  was  one  of  the  first 
necessities  of  human  existence,  and  one  of  the  prime 
necessities  of  life.  It  was  employed  every  day  in 
lighting,  heating  and  cooking,  and  in  practically  every 
art,  industry  and  process  of  manufacture  with  which 
we  were  familiar.  This  remark  applied  as  much  in  the 
earliest  days  as  it  did  to-day.  There  was  practically 
no  trace  of  a  time  when  man  did  not  know  and  make 
use  of  fire.  In  the  very  earliest  traces  to  be  found  of 
civilised  man  there  was  the  clearest  evidence  that  man 
was  making  fire  and  using  it  systematically.  Man's 
existence,  indeed,  was  practically  inconceivable  without 
the  use  of  fire,  because,  of  course,  there  was  nothing 
like  it.  There  were  many  kinds  of  air  and  gases, 
there  were  many  kinds  of  materials,  minerals,  etc.,  but 
fire  was  a  thing  unique  in  itself.  It  was  little  wonder, 
therefore,  that  early  man  regarded  it  with  much  awe, 
and  considered  it  something  entirely  mysterious  in  its 
nature,  and  as  a  result  fire  worship,  which  was  widely 
distributed  all  over  the  world,  was  not  to  be  wondered 
at.  Man,  also,  was  the  only  fire-using  animal.  It  had 


been  said  by  a  leading  scientist  that  one  of  the  chief 
distinctions  between  man  and  the  lower  animals  was 
that  man  alone  made  use  of  and  created  fire.  In  all 
other  animals,  fire  was  a  matter  which  inspired  terror. 
It  was  only  man  who  systematically  made  and  used 
fire.  It  had  been  stated  that  travellers  in  the  African 
forests  had  known  cases  of  the  great  apes  coming  after 
they  had  left,  and  warming  themselves  round  the  embers 
of  the  camp  fire,  but  there  was  no  reliable  record  of  any 
one  of  these  animals  ever  having  had  the  intelligence 
to  do  anything  to  the  fire  to  keep  it  burning,  and  still 
less  of  any  attempt  to  start  one.  So  much  for  fire 
and  primitive  man. 

Before  considering  how  primitive  man  made  fire,  it 
was  necessary  to  consider  the  probability  or  the  cer- 
tainty that  long  before  that  time  man  learned  to  pre- 
serve systematically  the  fire  obtained  from  natural 
causes  for  his  own  use.  There  were  several  sources 
from  which  it  was  possible  to  obtain  natural  fire,  such 
as  volcanoes,  lightning,  which  not  infrequently  fired 
the  dry  herbage  of  the  forest,  and  there  was  a  certain 
amount  of  natural  chemical  action  producing  sufficient 
heat  to  cause  combustion.  The  cliffs  of  Dorsetshire, 
near  Charmouth,  were  largely  composed  of  shale  mixed 
with  pyrites,  and  on  many  occasions  the  waves  washing 
over  the  cliffs  had  caused  the  iron  pyrites  in  the  shale 
to  decompose  and  give  out  sufficient  heat  to  ignite  the 
shale,  which  was  an  oily  shale,  so  that  it  would  keep 
on  burning  for  years  together,  giving  rise  to  what  was 
known  as  a  pseudo-volcanic  action.  Only  a  year  or 
two  ago  had  this  actually  happened,  and  these  cliffs 
might  be  burning  to-day  for  all  he  knew.  It  was,  how- 
ever, not  very  convenient  to  have  to  go  to  a  volcano 
or  wait  until  lightning  conveniently  fired  a  forest  before 
being  able  to  get  a  fire,  and  it  was  for  that  reason  that 
in  the  earliest  days  of  our  existence  there  was  no  doubt 
that  man  took  the  utmost  pains  to  preserve  fire,  and  to 
watch  over  it  and  see  that  it  never  went  out.  The 
modern  savage  did  exactly  the  same  thing  to-day, 
although  not  exactly  from  the  same  cause.  In  most 
parts  of  the  world  where  travellers  had  come  for  the 
first  time  into  contact  with  savage  races  there  was 
evidence  that  they  preserved  a  fire,  not  because  they  did 
not  know  how  to  make  it,  but  to  save  themselves  the 
trouble  of  making  it.  It  was  out  of  this  custom  of 
preserving  a  fire  alight  that  arose  the  custom  of  pre- 
serving the  sacred  fires  in  ancient  Rome,  a  task  which 
was  usually  given  to  the  unmarried  daughters  of  the 


141 


house,  and  it  was  from  this  that  arose  the  idea  of 
maintaining  a  perpetual  fire  so  that  visitors  could  obtain 
fire  whenever  they  wanted  it.  It  was  not  many  cen- 
turies since,  in  most  of  our  English  churches,  a  light 
was  maintained  and  watched  over  and  never  allowed  to 
go  out,  for  the  public  use.  In  many  churches  there 
were  the  Crusie  stoves,  which  had  small  cups  on  their 
upper  surfaces,  and  a  small  metal  pillar  in  the  centre, 
the  oil  being  placed  in  the  cup  and  the  wick  wrapped 
round  the  pillar  and  lighted,  so  that  if  anybody  wanted 
fire  they  had  only  to  go  to  the  church  for  it,  because 
it  was  the  most  convenient  centre,  and  from  that  fact 
the  fires  thus  maintained  had  come  to  be  regarded  as 
more  or  less  sacred. 

But  how  did  man  first  learn  to  make  fire  at  will? 
The  means  by  which  he  did  so,  and  the  subsequent 
improvements,  formed  a  most  interesting  chapter  in 
anthropology.  Nearly  all  races  possessed  legends  as 
to  how  men  first  became  possessed  of  fire,  and  with  few 
exceptions  these  legends  described  it  as  having  been 
stolen  or  extorted  from  the  gods  by  some  great 
legendary  hero.  Thus  the  Prometheus  legend  was  to 
the  effect  that  he  stole  fire  from  heaven  and  brought 
it  to  earth  in  spite  of  the  opposition  of  the  gods.  Similar 
legends  were  met  with  in  respect  of  Australia,  New 
Z  •  'I  md,  and  the  Pacific  Islands,  and  these  all  pointed 
as  showing  the  awe  with  which  early  man  regarded  the 
mysterious  element  and  his  wonder  as  to  whence  it 
could  have  come.  But  these  legends  were  all  myths, 
and  it  would  be  interesting  to  consider  how  man  did,  in 
all  probability,  succeed  in  obtaining  fire.  It  was  totally 
useless  to  attempt,  with  any  degree  of  certainty,  to 
decide  how  this  was  accomplished,  but  fortunately  the 
question  could  be  decided  with  a  somewhat  near  ap- 
proach to  probability.  No  method  was  of  necessity 
actually  the  first.  There  were  two  or  three  aboriginal 
methods  in  use,  any  one  of  which  might  have  been 
first,  and  any  one  of  which  might  have  been  evolved 
in  several  different  parts  of  the  world  at  or  about  the 
same  time,  so  that  it  was  quite  impossible  to  decide 
which  was  in  fact  the  earliest,  the  original,  and  the 
first  discovered  method.  Some  first-rate  authorities, 
including  the  late  Sir  John  Evans,  had  surmised  that 
man  might  have  discovered  the  making  of  fire  in  the 
making  of  flint  implements  for  his  own  use.  If  some 
of  the  early  men  had  bv  chance  used  a  lump  of  iron 
pyrites,  one  of  our  commonest  of  minerals,  as  a  hammer 
for  fashioning  a  flint  implement,  it  would  have  given 
off  sparks  in  the  same  way  as  if  one  struck  together 
two  pieces  of  the  mineral.  The  pyrites  origin  of  fire 
making  was  not  an  improbable  one,  and  it  could  not 
be  said  to  be  incorrect.  It  was,  in  fact,  quite  feasible, 
and  therefore  it  was  impossible  to  contradict  those  who 
believed,  as  some  did,  that  that  was  the  original  means 
by  which  man  made  fire.  He  personally,  however, 
believed  that  another  method  was  much  more  probable, 
and  the  majority  of  those  who  had  considered  the  ques- 
tion agreed  with  him.  It  was  far  more  probable  that 
man  learned  to  make  fire  by  seeing  fire  originate  natur- 
ally owing  to  the  friction  of  the  branches  of  trees  in  a 
gale. 

It  had!  been  many  times  disputed  that  the  rubbing 
together  of  tree  branches  in  a  gale  could  ever  give  rise 
to  fire,  but  he  had  investigated  the  matter,  and  after  a 
good  deal  of  research  felt  no  doubt  whatever  that  fire 


could  originate  naturally  by  this  means,  and  that  it 
not  infrequently  did  so.  It  might  not  be  the  case  in 
our  climate,  which  was  damp,  but  in  the  dryer  regions 
of  Asia  and  Africa  there  was  the  clearest  evidence  of  it, 
ana  more  especially  so  in  the  gigantic  bamboo  forests 
in  India  and  South-Eastern  Asia.  There  the  bamboo 
grew  as  thickly  as  it  could,  and  the  huge  stems  inter- 
laced with  one  another  very  closely — some  of  them  were 
as  high  as  sixty  feet — and  when  they  were  squeezed 
together  by  the  wind  there  was  the  evidence  of 
travellers  to  prove  to  a  certainty  almost  that  fires  had 
been  found  to  originate  in  these  bamboo  forests  by 
natural  means.  The  outer  covering  of  bamboo  was 
extremely  hard  and  silicious;  so  hard  that  anybody  could 
strike  it  and  secure  sparks  from  it  with  a  piece  of 
flint  or  crockery,  and  he  felt  himself  that  however  im- 
probable it  might  seem  there  was  adequate  evidence 
that  fire  had  originated  in  the  bamboo  jungles  of  Asia. 
He  admitted  the  extreme  improbability  of  man  being 
in  such  a  jungle  and  watching  the  stems  rubbing  to- 
gether and  igniting,  but  still  there  was  a  chance  that  in 
the  countless  thousands  of  years  in  which  this  process 
had  been  going  on  it  might  have  been  observed  by 
some  early  man,  and  what  more  natural  than  that  he 
should  seek  to  repeat  the  process  artificially  and  thus 
get  fire,  exactly  in  the  same  way  that  savage  man  over 
a  considerable  portion  of  the  world's  surface  did  to-day. 

With  this,  in  the  way  of  introduction,  he  would 
describe  some  of  the  actual  processes^followed  by  man 
in  the  course  of  the  ages.  He  did  not  propose  to  show 
a  large  number  of  slides  because,  fortunately,  they 
were  in  the  happv  position  of  being  able  to  see  in  the 
exhibition  the  unrivalled  collection  of  fire-making  con- 
trivances which  were  now  the  property  of  Mr.  Bidwell. 
This  collection  was  unique  in  its  completeness.  Nothing 
nearly  so  complete  had  ever  been  brought  together 
before,  and  it  could  be  taken  as  a  certainty  that  as 
these  contrivances  were  growing  rarer  daily,  being  sup- 
planted in  all  parts  of  the  world,  such  a  collection  could 
never  be  brought  together  again,  and  it  was  very  desir- 
able that  Mr.  BidwelPs  collection  should  be  acquired  for 
one  of  the  great  national  museums.  There  would  never 
be  another  chance  of  gathering  together  such  a  collec- 
tion. One  of  the  first  wood-friction  processes  of  pro- 
ducing fire  which  had  been  discovered  was  that  of 
rubbing  two  pieces  of  dry  stick  together,  and  although 
on  the  surface  it  looked  a  particularly  artless  process, 
it  was  a  fact  that  it  needed  considerable  knack  and 
experience  to  be  able  to  do  it  at  all.  There  were  alto- 
gether three  wood-friction  processes,  and  it  was  a 
curious  thing  that  no  white  man  had  ever  acquired  the 
art  of  working  them  in  the  same  way  that  the  native 
could.  Two  of  the  processes  had  been  achieved  by  a 
white  man,  but  he  doubted  whether  as  many  as  one 
thousand  civilised  white  men  had  ever  acquired  the 
doing  of  any  one  of  the  processes,  although  a  white 
man  could  get  fire  in  two  or  three  minutes.  Of  the 
three  processes,  it  was  not  known  which  might  have 
been  the  earliest. 

One  had  been  described  as  the  "  fire  plough."  This 
was  a  process  which  was  peculiar  to  the  islands  of  the 
Pacific,  the  Polynesian  and  the  Melanesian  islands, 
where  a  special  form  of  wood  was  used,  known  as  the 
hibiscus  wood,  which  was  common  to  that  district. 
The  native  took  a  piece  of  wood,  such  as  the  branch 
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of  a  tree,  which  he  laid  on  the  ground  and  put  his 
foot  on,  and  then  took  another  piece  of  wood,  some- 
what harder,  and  drew  it  backwards  and  forwards  along 
the  larger  piece  in  a  groove.  This  process  produced 
a  small  quantity  of  very  fine  wood-dust,  by  means  of 
which  great  heat  was  induced,  so  that  as  the  native  pro- 
ceeded, with  a  skill  which  he  personally  could  not 
profess  to  imitate,  a  little  heap  of  the  wood-dust  accum- 
ulated at  the  end  of  the  groove,  and  gradually  became 
incandescent  enough  to  be  blown  into  a  higher  incan- 
descent condition,  and  by  the  application  of  some  dry 
grass  or  anything  of  that  nature  it  was  possible  to  obtain 
a  blaze.  Darwin  managed  to  acquire  the  art  of  getting 
fire  by  this  means  in  his  celebrated  voyage  in  the 
Beagle  in  1836,  but  there  were  very  few  civilised  white 
men  who  had  ever  acquired  the  art.  He  believed  Mr. 
Joyce,  of  the  British  Museum,  had  done  it  on  one 
occasion. 

Another  process,  which  was  known  as  the  "  fire 
saw,"  was  only  found  in  one  particular  region,  namely, 
in  the  south-eastern  portion  of  Asia  and  the  adjacent 
islands,  extending  also  into  Australia,  though  rarely. 
The  region  in  question  was  the  one  in  which  the 
bamboo  was  indigenous,  no  less,  probably,  than  fifty 
species  of  bamboo  growing  in  that  region,  so  that  the 
wood  used  for  this  fire  process  was  invariably  bamboo. 
The  "  fire  saw  "  was  composed  of  two  pieces  of 
bamboo,  one  of  which  had  a  slot  down  the  middle,  and 
the  other  was  a  small  plain  piece  with  a  more  or  less 
sharp  edge — a  sort  of  knife.  The  split  piece  was  laid 
upo>n  the  ground — the  one  he  exhibited  he  had  pur- 
chased from  a  Philipoine  whom  he  had  seen  working 
it  at  Earl's  Court,  and  also  that  year  in  Amsterdam — 
it  had  about  twenty  notches  upon  it,  which  indicated 
the  number  of  times  upon  which  fire  had  been  obtained 
from  it.  Some  dry  grass,  or  tow,  or  vegetable  tinder, 
which  was  highly  inflammable,  was  placed  underneath 
the  slit,  and  the  knife  edge  was  placed  in  the  groove 
and  worked  by  a  sawing  action  backwards  and  for- 
wards, producing  again  the  wood-dust,  which,  falling 
upon  the  tinder  below,  caused  it  to  become  incandes- 
cent, so  that  it  could  be  readily  blown  into  a  blaze. 
The  curious  thing  about  this  form  of  fire  making  was 
that  it  did  not  seem  to  extend  over  the  whole  portion 
of  the  south-eastern  Asia  in  which  bamboo  was 
abundant.  It  did  not  extend  very  far  into  India,  but  it 
extended  southwards  into  Australia,  where  there  was  no 
true  bamboo,  although  in  this  district  they  used  a  some- 
what different  contrivance.  There  being  no  bamboo, 
the  ordinary  woods  were  used,  and  the  natives  fre- 
quently used  their  wooden  shields,  upon  which  they 
performed  the  sawing  action  with  their  spear  throwers. 

There  was  also  the  "  fire  drill  "  wood  process.  In 
the  "  fire  plough,"  the  frame  was  parallel  to  the  grain 
of  the  wood  and  the  saw  was  at  right  angles  to  the  grain 
of  the  wood.  In  the  "  fire  drill,"  on  the  other  hand, 
it  was  also  at  right  angles,  but  the  other  way.  In  this 
case  the  native  would  take  a  piece  of  wood  and  place 
it  upon  the  ground,  and  taking  another  piece  of  wood 
in  the  nature  of  a  stick  of  harder  wood,  he  placed  the 
point  of  it  upon  the  piece  of  wood  on  the  ground  and, 
rotating  it,  pressing  upon  it  all  the  time,  in  the  form 
of  a  drill,  the  drilling  action  being  brought  about  by 
rotating  the  stick  between  the  palms  of  his  hands. 
Such  dexterity  was  obtained  that  one  man  would  fre- 
quently keep  the  drilling  going  continuously  by  a  clever 


movement  of  his  hands  when  his  palms  had  reached 
the  bottom  of  the  stick.  In  this  way  he  would  go  up 
and  down  the  stick  and  keep  on  the  continuous  drilling 
motion.  In  other  cases  two  men  would  be  working  the 
drill,  one  commencing  at  the  top  with  the  palms  of  his 
hands,  whilst  the  other  finished  at  the  bottom.  This 
drilling  action  accumulated  a  tiny  heap  of  dust,  in  the 
same  way  as  in  the  previous  methods,  which  was  hot 
enough  to  be  blown  into  a  flame  and  light  dry  grass 
or  other  material  of  that  kind.  This  process,  in  various 
forms,  was  used  by  primitive  man  practically  all  over 
the  world.  It  differed  from  the  other  two  processes  in 
that  it  was  world  wide,  and  doubtless  was  used  by  our 
ancestors  in  this  country  before  the  time  of  the  Romans, 
but  unfortunately  it  was  impossible  to  obtain  very  clear 
evidence,  because  wood  was  so  perishable  that  although 
it  was  conceivable  that  one  of  these  apparatus  might 
survive  from  the  early  times,  none,  he  believed,  had 
ever  been  found  up  to  the  present  day. 

After  showing  a  large  number  of  lantern  slides  illus- 
trating these  various  forms  of  wood  friction  processes, 
the  lecturer  passed  on  to  the  pyrites  method  of  obtaining 
fire,  which  he  said  was  very  ancient.     In  many  graves 
of  this  country  and  elsewhere  in  Europe  masses  of  this 
mineral,  as  well  as  flint,  had  been  found  in  juxtaposition 
buried  with  warriors.     In  many  cases  a  piece  of  pyrites 
had  been  found  in  the  tombs,  and  in  one  case  a  piece 
was  actually  found  in  the  hand  of  the  man  buried.     A 
very  dull  heat  was  obtained  by  this  method,  but  it  was 
the  best  that  could  be  done  before  man  knew  how  to 
smelt  iron,  and  to-day  the  pyrites  method  had  died  out, 
except  in  one  or  two  of  the  most  primitive  places  in 
South   America   and   Iceland.      Within   a   century  or  a 
century  and  a  half  ago,  however,  it  was  in  common  use 
in   North  America.      The  process,   however,   was  com- 
paratively ineffective,  and  as  soon  as  man  was  suffici- 
ently advanced   to  know  how  to  smelt  iron  he  had  a 
very  superior  method  at  once.      He  could  take  a  steel 
and  flint  and  strike  out  sparks  of  a  very  much  higher 
temperature.      The   sparks   obtained   were   globules   of 
steel  at  a  white  heat,  and  in  a  molten  condition,  and 
these,   falling  upon  tinder,   enabled  fire  to  be  obtained 
quite  readily.     This  process  had  been  used  by  civilised 
nations  for  many  centuries.      It  was  a  civilised  man's 
method  as  distinct  from  an  aboriginal  process.     Every- 
body,   no  doubt,    was    familiar  with    the   tinder   boxes 
which  were  used  up  to  the  time  of  the  friction  match. 
Up  to   1840   one  of   these   was  found   on   the   kitchen 
mantel-shelf  of  every  domicile  in  the  land,  cottage  and 
castle  alike,  and  was  in  daily  use.     It  contained  at  the 
bottom  some  burnt  rag,  which  was  the  tinder,   above 
that   the  extinguisher,   which,   after  the  fire  had  been 
obtained,    was   used    for   economising   the    tinder,    and 
above  that  was  the  flint  and  the  steel.     The  flint,  how- 
ever, took  many  forms.     In  any  case  this  was  a  cum- 
brous and  tedious  process,   and  it  was  calculated  that 
three   minutes   was   an   average    time   for   getting    fire 
from  a  tinder  box,  and  from  this  the  calculation  was 
made  that  assuming  that  one  only  used  the  tinder  box 
once  a  day,  this  would  occupy  nineteen  hours  a  year 
merely  in  order  to  get  fire.     Accompanying  the  tinder 
box   were   the   sulphur   matches,    which   were    used   to 
obtain   the    final   blaze   after   the   tinder   had   been    set 
smouldering   by   the    sparks.      These    sulphur   matches 
were  a  matter  of  merchandise  in  the  tinder  box  days. 
It  had  been  said  that  matches  were  made   in  heaven, 
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but  surely  the  brimstone  matches  must  have  been  made 
elsewhere.  They  were,  as  a  matter  of  fact,  made  by 
tramps  and  people  of  that  class  in  the  poorer  districts 
of  London,  such  as  St.  Giles',  and  they  were  hawked 
round  the  London  streets  and  countryside  by  these 
poor  people  and  sold  at  so  much  a  bundle.  These  people 
became  to  be  known  as  the  small  timber  merchants. 

After  exhibiting  some  specimens  and  showing  a  large 
number  of  lantern  slides,  Mr.  Miller  Christy  brieHy 
referred  to  other  forms  of  obtaining  fire  between  the 
tinder  box  period  and  the  friction  match.  There  were, 
for  instance,  reflectors  concentrating  the  sun's  rays 
into  a  focus,  but  this  method,  of  course,  was  only 
possible  in  the  sunny  regions.  It  was  in  very  common 
use  in  the  Mediterranean  districts,  and  from  the  very 
earlv  times  Greeks,  Romans  and  Chinese  used  it.  It 
could  not,  however,  be  used  in  dull  climates,  and  con- 
sequently had  its  disadvantages.  Then  again  in  certain 
regions  there  were  still  used  what  was  probably  the 
most  extraordinary  contrivance  ever  devised  for  getting 
fire,  namely,  a  fire  piston  or  fire  cylinder.  This  was  a 
small  cylinder,  into  which  a  tightly  packed  piston  was 
drawn,  the  piston  having  a  cavity  at  its  tip,  in  which 
was  a  piece  of  tinder.  The  piston  was  put  into  position 
and  struck  downwards  into  the  cylinder  sharply,  the 
idea  being  that  owing  to  the  intense  heat  from  the 
sudden  compression  of  the  air  the  latter  parted  with 
some  of  its  latent  heat  sufficient  to  fire  the  tinder.  It 
seemed  at  first  sight  almost  inconceivable  that  this 
apparatus  should  have  been  devised  by  semi-savage 
races,  such  as  those  in  South-east  Asia,  Burma,  Siam, 
the  Philippines,  Borneo,  Sumatra  and  those  regions. 
But  there  was  no  doubt  that  it  had  been  in  use  there 
for  centuries,  and  was  still  in  use.  Probably  the  ex- 
planation of  its  having:  been  evolved  in  that  region  was 
due  to  the  fact  that  that  region  was  one  in  which  the 
blow-tube  was  used,  and  there  could  be  no  doubt  that 
on  occasions  it  had  been  found  that  a  little  wad  of 
cotton,  which  was  used  to  prevent  windage  of  the  dart 
blown  from  the  tube,  had  become  ignited,  and  this  fact 
had  given  the  natives  the  idea  of  making  a  regular 
fire-making  contrivance  on  the  same  lines.  In  1905 
the  process  was  evolved  in  France,  but  was  sold  more 
as  a  scientific  toy  than  anything  else  for  some  years. 

Coming  to  the  latest  methods  of  fire  making,  the 
lecturer  said  all  of  them  were  chemical.  Towards  the 
end  of  the  eighteenth  century  it  had  come  to  be  recog- 
nised that  tinder  box  and  other  methods  of  fire  making 
were  hardly  comprised  of  scientific  knowledge,  and 
chemists  and  scientists  began  to  cast  about  for  some 
more  ready  and  convenient  methods.  The  first  was  the 
phosphoric  taper,  which  was  invented  in  1780,  and  was 
used  to  a  limited  extent.  It  never  came  into  .general 
use.  Then  came  the  phosphoric  box,  which  was  in- 
vented in  1786,  which  consisted  of  a  small  stopper-bottle 
containing  some  prepared  phosphorous,  and  an  apart- 
ment containing  some  sulphur  matches.  The  process 
was  to  put  a  match  into  the  bottle  containing  the  pre- 
pared phosphorous  and,  by  subsequently  rubbing  it, 
igniting  it.  This  was  used  for  a  number  of  years  as 
a  practical  everyday  means,  but  examples  of  it  were 
very  rare  indeed,  there  being  only  one  perfect  specimen 
and  one  imperfect  specimen.  Then  people  cast  about 
to  devise  apparatus  for  producing  a  tiny  jet  of  hydrogen 


ignited  by  means  of  an  electric  spark,  a  device  which 
was  called  "  electrophorous. "  This  was  patented  in. 
1800.  Then  followed  various  powders,  which,  on  ex- 
posure to  the  air,  took  fire,  but  none  of  them  were  com- 
plete. Following  this  came  another  contrivance  which 
was  for  many  years  (at  least  a  quarter  of  a  century) 
really  common,  in  fact,  probably  the  most  common 
method  of  making  fire,  namely,  the  instantaneous  light 
box.  This  contained  a  small  bottle  of  sulphuric  acid, 
into  which  was  plunged  a  specially-prepared  match 
coated  with  chlorate  of  potash  and  sulphate  of  anti- 
mony, which  burst  into  flame  on  being  inserted  into- 
the  sulphuric  acid.  Specimens  of  this  instantaneous 
light  box  were  now  exceedingly  rare.  Many  improve- 
ments followed,  and  in  June,  1828,  a  match  was  brought 
out,  which  was  called  the  "  Promethean  "  match,  which 
consisted  of  a  tiny  globule  of  glass  containing  sulphuric 
acid,  surrounded  by  chlorate  of  potash,  finely  pounded 
sugar,  and  gum,  which  was  contained  in  a  little  spill. 
In  order  to  ignite  it  a  pair  of  pliers  were  used  to  break 
the  glass  globule,  and  the  acid  came  into  contact  with 
the  chlorate  of  potash.  Darwin  used  this,  in  fact,  on 
the  "  Beagle,"  and  for  a  number  of  years  they  were 
commonly  used,  although  expensive. 

All  these  devices,  however,  were  rendered  "obsolete 
in  course  of  time  by  the  development  of  the  modern 
friction  match,  for  the  original  invention  of  which  John 
Wall  claimed  the  credit.  Many  other  persons  also 
claimed  credit,  but  he  thought  that  the  real  honour 
belonged  to  Wall.  Wall  began  to  sell  "  friction  lights," 
as  he  called  them,  in  1826,  and  a  page  from  his  day- 
book, on  which  were  entered  the  first  sales  of  his 
matches,  still  existed.  Mr.  Bidwell  had  a  photograph 
of  it.  These  matches  were  non-phosphoric,  and  took 
a  great  deal  to  ignite.  In  fact,  they  had  to  be  drawn 
between  two  pieces  of  sandpaper.  The  earliest  phos- 
phoric matches  did  not  come  in  until  1835  or  1840,  but 
these  early  forms  were  excessively  dangerous.  If  a 
box  was  placed  on  the  kitchen  mantelpiece  it  would 
probably  be  found  alight  in  a  few  minutes,  and  if  a 
box  were  placed  in  the  sun  it  would  also  ignite. 
Similarly,  if  a  box  were  placed  in  a  cart  which  was 
taken  over  a  rough  road,  the  friction  from  the  jolting 
would  set  fire,  and  the  burning  of  many  carriers'  carts 
which  had  taken  place  in  different  parts  of  the  country 
was  due  to  this  cause.  -  Following  on  these  early 
methods,  various  forms  of  fusees,  vestas,  and  other 
matches  were  invented,  and  covered  by  hundreds  of 
patents. 

Incidentally,  the  lecturer  mentioned  an  early  form 
of  lamp  used  in  mines  before  the  invention  of  the  Davy 
safety  lamp.  In  this  a  certain  amount  of  sparks  were 
produced  in  order  to  give  the  miners  light,  and  curi- 
ously enough,  they  did  not  ignite  the  coal-dust  as  a 
general  rule,  although  it  had  been  known  to  occur  on. 
occasions.  Another  form  of  lamp  referred  to  was  the 
Dobereiner  hydrogen  lamp,  which  consisted  of  a  glass 
vessel  three  parts  filled  with  diluted  sulphuric  acid. 
When  the  glass  cone  was  inserted,  the  zinc  hanging 
on  it  acted  on  the  acid,  liberating  the  hydrogen  and 
causing  the  gas  to  rise  in  the  upper  part  of  the  cone. 
Upon  raising  the  arms  of  the  figure,  a  tap  was  turned, 
allowing  the  gas  to  impinge  upon  the  spongy  platinum 
placed  opposite,  which  at  once  became  incandescent  and 
lit  the  gas. 
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APPENDIX  C. 


GAS  BY  THE  THERM. 


A  short  explanation  of  the  British  Unit  of  Heat  as  a  basis  of  charge,  with  a  summary  of  the  circumstances  leading 

up  to  the  Gas  Regulation  Act  of  1920. 


I.     Why  a  Gas  Regulation  Act  (1920)  was 
necessary. 

The  gas  industry  has  always  been  rigidly  controlled 
by  Act  of  Parliament.  By  a  separate  Act  or  Order  in 
each  case,  the  gas  undertakings,  whether  company  or 
municipal,  were  given  the  sole  right  to  supply  gas  in 
a  given  area,  while  the  consumer  was  given  adequate 
protection — the  nature  of  which  is  explained  below — 
aga.nst  the  excessive  charges  which  might  have  been 
made  by  holders  of  a  monopoly.  So  long  as  the  con- 
ditions prevailed  under  which  these  measures  had  been 
passed,  the  arrangement  was  emphatically  in  the  public 
interest :  an  essential  light  and  fuel  was  supplied  to  the 
public  at  a  fair  price  and  in  the  most  efficient  way. 
But  the  time  came  when  the  original  safeguards  to 
both  parties,  which  had  gradually  grown  up  in  the 
course  of  a  century,  were  rendered  ineffective,  even 
before  the  complications  of  war  and  post-war  trade 
conditions  caused  further  aggravation. 

Many  of  the  gas  companies  were  still  compelled  to 
make  their  public  gas  supplies  conform  to  certain 
standards  of  illuminating  power.  But  since  the  intro- 
duction of  the  incandescent  burner  (whose  brilliance 
depends  upon  the  heat  to  which  the  mantle  is  raised) 
the  luminosity  of  the  flame  had  become  less  important 
that  its  heating  power,  even  for  lighting;  while  for 
domestic  fires,  cookers  and  water-heaters  and  industrial 
furnaces  and  engines  a  gas  had  still  to  be  supplied 
more  fitted  to  the  old-fashioned  practices  of  half  a 
century  ago  than  for  the  many  and  varied  modern  pur- 
poses to  which  gas  was  now  being  widely  applied.  It 
was  therefore  obvious  that  Parliament  should  allow  the 
gas  companies  to  make  their  supplies  conform  to  heat- 
ing and  not  illuminating  standards,  if  the  consumer 
was  to  receive  the  most  serviceable  fuel  at  the  lowest 
cost. 

But  this  was  not  the  only  reason  for  a  revision  of 
the  Statutes.  The  war  had  imposed  upon  the  gas 
undertakings  national  duties  in  performance  of  which 
they  were  brought  dangerously  near  to  bankruptcy. 
The  industry  produced  an  enormous  output  of  materials 
for  munitions  -  -  enough  T.N.T.  for  160,000,000 
8-pounder  shells  was  supplied  by  one  company  alone — 
and  while  the  gas  industry  was  devoting  its  energies 
to  services  such  as  this,  production  was  cut  down  by 
order— otherwise  D.O.R.A.  ;  rationing  was  enforced  by 
order;  higher  wages  were  paid,  at  times  by  order"; 
prices  of  residuals  were  artificially  kept  low  by  order ; 
and  the  price  of  gas  inevitably  rose.  But  by  the  sliding 
scale  system  in  force  in  the  majority  of  cases,  higher 
prices  for  gas  had  to  be  accompanied  by  corresponding 
reductions  in  dividend's;  and  the  financial  stability  of 
the  industry  was  severely  shaken.  Where  the  gas 


undertaking  was  municipal  owned,  this  situation  was 
reflected  in  the  Rates;  while  investments  in  gas  com- 
panies became  so  unremunerative  that  it  was  impossible 
to  procure  fresh  capital  for  the  expansion  necessary 
to  meet  domestic  and  industrial  demands.  In  many 
cases  all  reserves  had  been  exhausted.  The  share- 
holder, often  a  small  investor,  was  moreover,  being 
unjustly  treated. 

II.     Why  the  Therm  was  introduced  into  the 
Gas  Regulation  Act. 

The  gas  undertakings  therefore  appealed  to  Parlia- 
ment for  a  revision  of  the  laws  which  were  no  longer 
applicable  to  changed  conditions,  and  which  were 
threatening  financial  ruin  for  the  industry.  They  asked 
for  a  calorific  standard,  where  it  had  not  already  been 
allowed,  and  they  asked;  for  freedom  to  supply  gas, 
subject  to  official  approval,  of  such  calorific  value  as 
local  conditions  might  from  time  to  time  require.  The 
justice  and  public  importance  of  this  appeal  were 
recognised  by  the  Gas  Regulation  Act  of  1920.  But 
as  each  of  the  undertakings  had  grown  up  under  its 
own  individual  laws,  it  was  impossible  for  Parliament 
to  meet  their  several  needs  by  a  single  comprehensive 
Act.  Varying  local  conditions  and  requirements  only 
added  to  the  necessity  for  separate  treatment.  Accord- 
ingly  the  Board  of  Trade  was  authorized  to  grant  a 
special  Order  to  each  Company  or  Corporation — on 
application  of  the  undertaking,  if  made  within  two 
years,  or  on  the  Board's  own  initiative  after  that  period. 
It  was  still  open,  of  course,  to  any  undertaking  to  go 
to  the  expense:  of  promoting  a  special  bill  in  Parliament, 
if  it  desired  to  do  so. 

But  Parliament  not  only  made  provision  for  dealing 
justly  with  the  gas  industry;  it  introduced  the  system 
of  charging  for  gas  by  the  Therm  as  a  condition  of 
granting  the  industry  relief.  It  is  of  the  utmost 
importance  to  understand  two  things  about  the  Therm  : 
what  it  means,  and  why  it  was  introduced. 

It  has  been  pointed  out  that  in  the  interest  of  the 
consumer  it  has  long  been  desirable  that  his  gas  should 
conform  not  to  illuminating  but  to  heating  standards. 
What  the  consumer  wants  is  heat — not  luminosity  or 
mere  volume  (cubic  feet)  of  gas.  The  Therm  is  a  unit 
whereby  he  may  be  charged  in  terms  of  heat  for  the 
gas  he  has  consumed.  A  Therm  is  the  name  given  to 
100,000  British  Thermal  Units.  One  of  such  Thermal 
Units  represents  the  amount  of  heat  absorbed  in  raising 
one  pound  of  water  one  degree  in  temperature.  A 
Therm  is  therefore  a  measure  as  unalterable  as  the 
standard  pound  weight  or  standard  yard. 

The  calorific  (heating)  value  of  the  gas — i.e.,  the 
number  of  Therms  in  every  thousand  cubic  feet— is 
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declared  by  the  Gas  Undertaking  concerned  and  con- 
stantly tested  by  an  officially  appointed  neutral  party. 
This  being  so,  it  is  obvious  that,  once  a  fair  "  basic 
price  "  was  agreed  to  under  the  Act,  it  can  make  no 
difference  to  the  consumer's  bills  whether  it  be  presented 
in  terms  of  cubic  ieet  or  Therms.  By  a  simple  calcula- 
tion* from  his  meter  reading  the  consumer  can  always 
tell  how  many  Therms  he  has  used.  Nobody  gains  or 
loses  by  the  conversion  of  cubic  feet  into'  Therms  for 
charging  purposes. 

Why,  then,  it  may  be  asked,  was  the  system  of 
charging  by  Therms  introduced?  In  whose  interest? 
The  Government  Experts  were  .  of  opinion  that  the 
change  would  be  in  the  public  interest.  The  public, 
they  said,  in  buying  gas,  is  buying  heat ;  let  consumers 
therefore  pay  for  their  gas  at  so  much  a  heat  unit; 
they  will  then  better  understand  that  they  are  getting 
full  value  for  their  money.  Some  representatives  of 
the  gas  industry  thought  otherwise;  they  maintained 
that  the  new  system  would  only  confuse,  and  that  the 
companies  should  be  controlled  in  the  old  way,  declar- 
ing the  calorific  value  of  their  gas,  and  the  bills  be 
presented  in  the  old  way,  in  terms  of  cubic  feet.  Events 
have  shown  that  these  fears  were  not  without  some 
foundation.  The  Therm,  when  first  introduced,  inflicted 
the  one  and  only  injury  of  which  it  was  capable;  it 
caused  misunderstanding. 

III.     How  the  consumer  is  protected. 

The  protests  made  in  some  quarters  against  the  new 
thermal  basis  of  charging  for  gas  revealed'  in  a  surpris- 
ing degree  the  ignorance  of  the  public  with  regard  to 
the  effective  methods  by  which  gas  consumers  are 
protected  against  possible  underhand  dealing.  It  will 
be  well  to  set  forth  briefly  the  four  chief  safeguards  for 
gas  consumers,  so  that  teachers  may  make  clear  to 
their  pupils  this  important  but  neglected  piece  of  what 
should  be  common  knowledge. 

In  the  first  place  the  consumer  is  protected  by 
Parliament.  The  suppliers  of  gas  are  not  at  liberty  to 
change  the  quality  of  their  gas  except  in  accordance 
with  Parliamentary  Statutes;  nor  may  they  alter  the 
calorific  value  of  the  gas  without  adjusting  appliances, 
if  such  adjustment  be  necessary  to  enable  consumers 
to  extract  a  maximum  efficiency  from  the  altered  quality 
of  the  gas.  In  addition  to  this  the  sliding  scale,  which 

*  To  ascertain  the  number  of  Therms  used,  it  is  only  necessary  to  multiply 
the  number  of  cubic  feet  consumed  by  the  declared  heating  value  of  the  gas,  and 
divide  the  result  by  100,000. 


admits  of  higher  dividends  only  when  gas  is  cheapened, 
prevents  the  shareholder  profiting  at  the  expense  <>l  t he- 
consumer. 

In  the  second  place  protection  is  afforded  by  the 
Board  of  Trade.  No  undertaking  can  benefit  by  the 
Gas  Regulation  Act  (1S20)  except  by  receiving  an  Order 
from  the  Board  of  Trade;  and  no  such  Order  is  granted 
unless  after  searching  enquiries  the  Board  is  satisfi*  d 
that  the  changes  asked  for  are  and  will  be  maintained 
in  the  consumer's  interest. 

Thirdly,  the  calorific  value  of  the  gas  is  carefully 
and  accurately  tested  by  an  officially  appointed  neutral 
party  (in  London  it  is  tested  every  day  by  the  L.C.C.). 
If,  therefore  it  occurs  to  anyone  to  ask  how  he  is  to 
know  that  he  has  consumed  the  number  of  Therms 
for  which  he  is  charged,  the  answer  is:  (1)  That  a 
public  authority  certifies  that  the  declared  calorific  value 
of  the  gas  is  maintained ;  (2)  that  the  consumer  knows 
from  his  meter,  which  is  an  accurate  instrument  also 
tested  and  guaranteed  by  a  neutral  party,  how  many 
cubic  feet  he  has  consumed ;  and  (3)  that  to  ascertain 
the  number  of  Therms  used  only  requires  the  simple 
calculation  shown  above. 

Lastly,  consumers  if  dissatisfied  have  the  right,  by 
Act  of  Parliament,  to  go  to  their  local  Authority  and 
demand  that  the  Board  of  Trade  be  asked  to  revise  the 
local  standards. 

It  has  sometimes  been  suggested  that,  while  charg- 
ing by  Therm  cannot  affect  the  consumer's  gas  bill, 
gas  of  increased  calorific  value  is  a  snare  and  a  decep- 
tion because  it  cannot  be  used  to  advantage  in  the  old 
appliances.  But  careful  tests  have  shown  that  no 
adjustment  is  necessary,  in  the  majority  of  cases,  for 
altered  calorific  values  within  comparatively  narrow 
limits,  as,  for  example,  in  a  change  from  450  to  475  or 
475  to  500  British  Thermal  Units  per  cubic  foot ;  and 
\vhere  adjustment  is  required  the  undertakings  are 
bound  by  statute  to  make  it.  The  only  thing  to  remem- 
ber is  that  with  a  "  richer  "  gas  waste  costs  more  than 
with  a  "  poorer  "  gas. 

It  may  be  well  to  point  out  in  conclusion  that  had 
the  1920  Bill  been  defeated  in  Paraliament,  and  the 
engineering  freedom  which  was  asked  for  been  denied, 
the  public,  as  much  as  the  gas  undertakings,  would 
have  suffered,  since  prices  instead  of  being  given  a 
chance  to  fall  would  probably  have  been  maintained  or 
even  increased,  as  the  legacy  of  antiquated  laws  and 
war  conditions. 
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APPENDIX    D. 


A  NOTE  ON  GAS  PRESSURE. 


It  is  easy  to  show  that  air  has  weight  by  weighing  a 
globe  before  and  after  evacuating  the  air  with  a  pump. 
Further,  the  ordinary  barometer  or  an  aneroid  shows 
that  the  atmosphere  exerts  pressure  on  any  surface 
which  it  touches.  The  barometer  indeed  measures  this 
pressure  by  making  it  support  a  column  of  mercury. 
This  pressure  thus  acts  like  the  force  exerted  by  a 
weight  or  a  spring.  Yet  again  it  is  obvious  that  water 
contained  in  a  glass  exerts  a  pressure  on  the  sides  of 
the  glass  (which  is  balanced  at  every  point — as  Sir 
Isaac  Newton  expressed  it — by  the  equal  and  opposite 
reaction  of  the  glass  on  the  water).  This  may  be  seen 
from  the  fact  that  water  will  flow  out  of  a  small  hole  : 
for  here  there  is  no  equilibrating  reaction.  Finally,  it 
is  obvious  that  water  has  weight.  We  want  to  link  up 
all  these  ideas  by  seeing  the  relation  of  weight  to  pres- 
sure. In  other  words,  we  want  to  solve  the  problem 
how  and  why  a  gas  or  liquid  takes  up  the  condition  of 


We  are  therefore  left  with  the  weight  of  the  cylinder, 
which  is  supported  by  the  difference  between  the  up- 
ward pressure,  />,,  on  the  bottom  and  the  downward 
pressure,  />2,  on  the  top.  If  a  is  the  area  of  the  top 
and  bottom  of  the  cylinder,  p  the  weight  per  unit 
volume  of  the  water,  (ft,  -  h2)  the  height  of  the  cylinder, 
we  have  p1-p2  =  the  weight  of  the  cylinder  '=  p  a 
(hi  -  fco).  The  reason  for  taking  the  area  a  to  be  small 
is  obviously  so  that  we  can  take  an  average  value  of 
the  pressure  on  it  without  introducing  appreciable 
error.  This  equation  merely  expresses  Newton's  Third 
Law  of  Motion  —  the  forces  acting  upwards  en  a  particle 
at  rest  (pj  must  be  equal  to  the  forces  acting  down- 
wards (p2  and  the  weight,  which  is  the  volume 
a  x  (hi  -  hz)  multiplied  by  p). 


Tt  will  HP  n 


that 


ERRATA. 


The  publishers  regret  the  appearance  of  two  misprints 
in  Appendix  D.  on  page  147  of  the  second  edition  of 
"Teachers'  Notes  for  Lessons." 

In  the  seventh  line  of  the  right-hand  column  "  the  weight 
of  the  cylinder  =  pa  (hi-h*)"  should  read  "the  weight  of 
the  cylinder  =  p  a  (h\  —  hz)" 

In  the  last  line  of  the  same  paragraph  the  words 
"a  x  (/h  -  AO  multiplied  by  p"  should  read  "ax  (hi  -  h*) 
multiplied  by  /»" 


balanced  by  the  opposing  pressure  of  the  cylinder.  This 
may  be  seen  at  once  if  we  consider  what  would  happen 
if  :  i  water  of  the  cylinder  were  completely  removed, 
the  outside  water  would  collapse  into  the  space. 


NOTE — It  may  be  noted  that  since  real  liquids,  from  water  to  treacle,  differ 
from  "  perfect  liquids  "  mainly  in  viscosity  or  resistance  to  change  of  shape 
and  since  this  resistance  I'efientis  on  the  velocity  of  the  change  and 
vanishes  if  thnt  be  sltw  enough,  all  the  propositions  of  hydrostatics  are  true 
even  when  the  liquid  is  not  perfect,  the  only  difference  being  that  it  takes  longer 
to  arrive  at  the  position  of  equilibrium  ;  e.g.,  water  has  always  a  sensibly  level 
surface,  while  treacle  will  take  a  verv  long  time  to  become  level  ;  but  it  does  so 
eventually.  Their  dynamics  are  different,  their  statics  the  same. 


•e  pressure  per  square  inch  at 
differs  by  the  weight  of  a 
'-  inch  across  between  these 
m  that  the  pressure  of  the 
iy  the  barometer,  and  it  is 
inch.  (Consider  a  horizontal 
that  the  pressure  is  the  same 
plane).  It  is  easy  to  calcu- 
a  and  the  known  density  of 
v'ere  a  perfect  liquid  it  would 
000  feet.  Coal  gas  is  only 
Duld  therefore  have  a  height 
same  pressure.  Now  the 
een  various  parts  of  a  gas 
w  hundred  feet.  Hence  the 
ries  a  fraction  of  1  per  cent, 
it  is  not  necessary  to  take 
tion  in  this  very  small  pres- 
duced  by  the  fact  that,  gas 
slightly  denser  at  a  lower 
ical  language  it  is  "  of  the 
ities  "  (a  1  per  cent,  correc- 
s  is  clearly  negligible). 

iy  be  considered  as  if  it  were 
?rsed  in  a  heavier  one :  its 
ht,  but  not  so  fast  as  does 
consequently  the  pressure 

aijjerence,  which  is  the  important  thing  to  the  gas 
engineer  since  it  is  what  affects  gas  apparatus  and  what 
is  measured  by  a  pressure  gauge  such  as  that  shown 
in  Lesson  32,  increases  with  height. 

A  calculation  will  make  this  clearer.  Water  being 
about  820  times  as  heavy  as  air,  the  atmospheric  pres- 
sure will  be  equivalent  to  about  34  ft.  of  water  (-§£$—)• 
If  this  falls  off  1  per  cent,  in  a  given  height  (about  280 
feet)  the  pressure  will  be  reduced  by  four  inches.  Gas 
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being  only  half  as  heavy,  the  pressure  on  the  main  will 
have  fallen  off  two  inches.  Hence  if  the  pressure  dif- 
ference was  2in.  of  water  at  the  lower  level,  it  is  4in. 
at  the  higher,  \vhile  the  more  accurate  formulae  would 


differ  from  these  figures  by  about  T{fo",  which  is  not 
important.  In  strict  mathematics  we  have  (with  an 
obvious  notation)  the  following,  which  may  be  set  out 
as  shown  on  the  blackboard  • — 


BLACKBOARD. 


of  Fluids. 


Let    p  =  density   ,    fi  =  pressure.  .       <^  =  height. 

P0  •  7*o    v&Jues  of  P  <5c  ?*  <5t,t  ground  /eve/. 
Then  on  assumption  of  perfect  O<=LS        I  f*  =   k  P 

~ 

L/uic/ 


Hence  the  correction  —  /*—/*' 
Putting  ror  exctrrys/e 


qu 

* 


2k 


*   P 
r0 


P      =:    73 
•    O 

&   =  250 


.  280*.  100 


2.  IS2-  .32* 

28* «   looo 


34  . 
<d        '005 


It  it  essential  to  realize  that  in  the  above  all  we  have  shown 
is  that  certain  relation*  must  hold  between  the  forces  (weights 
•and  pressures)  acting  01  the  fluid  if  it  is  to  remain  in  equili- 
brium. Nothing  has  been  said  to  explain  the  mechanism  by 


which  these  forces  arise,  and,  in  fact,  when  this  is  attempted 
the  whole  nature  of  liquids  and  gases  discloses  an  extreme 
complexity  into  which  it  is  impossible  to  enter  here. 
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